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In view of the interest shown in the volumetric, ultrasonic, and 
viscosity measurements in investigating the intermolecular interac-
tions, the systems: disaccharide solutions in the presence of that of 
sodium chloride having vital role in the life of living organisms were 
chosen for such studies. 
The density (p), ultrasonic velocity (u), and viscosity (TI) of 
disaccharides (lactose, sucrose, and maltose) as well as of NaCl in 
water-EtOH medium were recorded as a function of temperature. In 
addition, NaCl solution was mixed with each of the three disaccharide 
solutions for recording p, u, and r\ as functions of composition and 
temperature over the range 293.15-313.15 K in a thermostated bath 
of ±0.1° thermal stability. Using the density and the ultrasonic velocity 
values several parameters such as adiabatic compressibility (3^), molar 
ultrasonic velocity (R), specific acoustic impedance (Z), Wada's constant 
(B), change in adiabatic compressibility (Ap )^ and the relative change 
in adiabatic compressibility (Ap^/pj") were computed. These param-
eters were utilized in understanding the intermolecular interactions. 
The P^  values were found to decrease with increase in temperature 
while increase with increase in mole fraction (X) of NaCl solution. 
The decrease in p^  values with increase in temperature has been 
ascribed to the thermal rupture of the solvent while the increase in 
p values with increase in X has been attributed to the combined effects 
of the increasing amount of incompressible ions and the change in 
solvation of disaccharides. The A^J^° plots as a function of com-
position were found to be slightly deviated from the linear behaviour 
showing the presence of weak dipole-dipole interactions or hydrogen 
bonding. Several empirical (Nomoto, Van Dael-Vangeel and Schaaffs) 
equations were employed to compute the ultrasonic velocity in the said 
mixtures in order to see the applicability of these models to such 
systems. It is worthwhile to note that even though these models were 
either meant for molecular liquids/molecular liquid mixtures or the 
ideal mixtures, they have been found to reproduce the experimental 
ultrasonic velocity values with insignificantly small values of devia-
tions. 
Furthermore, the density and the viscosity data were employed 
for calculating the rheochor values. Also, the excess rheochor values 
were obtained to examine the ideal/non-ideal behaviour of the systems 
under investigation. Thus, indicate the presence of weak intermolecu-
lar interactions since the magnitude of deviations from the linear 
dependence is small. Using the rheochor values of the components 
of the mixtures an attempt has also been made to compute the viscosity 
of mixtures. 
The p and u values were used to evaluate the isothermal com-
[Hi] 
pressibility (P^) using McGowan's and Pandey's relations. The raltion 
given by Pandey turns out to be equally good for reproducing the p^ 
values when compared with those obtained by McGowan's relation. 
The apparent molal volume ((|)^  j) ^"^ ^^^ apparent molal adia-
batic compressibility ((j)^  j) ^^^^ computed using the density and the 
adiabatic compressibility values. These quantities were extrapolated 
to obtain their corresponding limiting quantities viz., limiting apparent 
volume, (j)°Y 2 ^^^ ^^^ limiting apparent adiabatic compressibility, ^°^ ^ 
The (|)^  2 values were found to increase with increase in temperature 
which suggests the increase in solute-solute interaction. While the (j)^  ^ 
values were found to be weakly affected by concentration variations. 
The trend in the behaviour of (j)°y ^  with temperature was found to be 
similar to those of most of the electrolytes and hydrated non-electro-
lytes. The <j)°y 2 values were found to decrease with increase in tem-
perature as well as in mole fraction (X). the decrease in ^^^^^ values 
with increase in temperature was due to the change in molecular 
organisation while a small decrease in (|)°y ^  values with increase in 
X was mainly due to increase in the H-bonded region. 
Thus, the trend in the variation of these properties with con-
centration and temperature provide a basis for understanding the 
molecular interactions in the systems under investigation. 
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In view of the interest shown in the volumetric, uhrasonic, and 
viscosity measurements in investigating the intermolecular interac-
tions, the systems: disaccharide solutions in the presence of that of 
sodium chloride having vital role in the life of living organisms were 
chosen for such studies. 
The density (p), ultrasonic velocity (u), and viscosity (r|) of 
disaccharides (lactose, sucrose, and maltose) as well as of NaCl in 
water-EtOH medium were recorded as a function of temperature. In 
addition, NaCl solution was mixed with each of the three disaccharide 
solutions for recording p, u, and T| as functions of composition and 
temperature over the range 293.15-313,15 K in a thermostated bath 
of ±0.1 ° thermal stability. Using the density and the ultrasonic velocity 
values several parameters such as adiabatic compressibility (P ), molar 
ultrasonic velocity (R), specific acoustic impedance (Z), Wada's constant 
(B), change in adiabatic compressibility (AP )^ and the relative change 
in adiabatic compressibility (A^J^^°) were computed. These param-
eters were utilized in understanding the intermolecular interactions. 
The pj values were found to decrease with increase in temperature 
while increase with increase in mole fraction (X) of NaCl solution. 
The decrease in P^  values with increase in temperature has been 
ascribed to the thermal rupture of the solvent while the increase in 
P values with increase in X has been attributed to the combined effects 
of the increasing amount of incompressible ions and the change in 
solvation of disaccharides. The Ap^ /p^ ** plots as a function of com-
position were found to be slightly deviated from the linear behaviour 
showing the presence of weak dipole-dipole interactions or hydrogen 
bonding. Several empirical (Nomoto, Van Dael-Vangeel and Schaaffs) 
equations were employed to compute the ultrasonic velocity in the said 
mixtures in order to see the applicability of these models to such 
systems. It is worthwhile to note that even though these models were 
either meant for molecular liquids/molecular liquid mixtures or the 
ideal mixtures, they have been found to reproduce the experimental 
ultrasonic velocity values with insignificantly small values of devia-
tions. 
Furthermore, the density and the viscosity data were employed 
for calculating the rheochor values. Also, the excess rheochor values 
were obtained to examine the ideal/non-ideal behaviour of the systems 
under investigation. Thus, indicate the presence of weak intermolecu-
lar interactions since the magnitude of deviations from the linear 
dependence is small. Using the rheochor values of the components 
of the mixtures an attempt has also been made to compute the viscosity 
of mixtures. 
The p and u values were used to evaluate the isothermal com-
[Hi] 
pressibility (P^) using McGowan's and Pandey's relations. The raltion 
given by Pandey turns out to be equally good for reproducing the P^ 
values when compared with those obtained by McGowan's relation. 
The apparent molal volume ((|)y j) and the apparent molal adia-
batic compressibility ((j)^ . 2) were computed using the density and the 
adiabatic compressibility values. These quantities were extrapolated 
to obtain their corresponding limiting quantities viz., limiting apparent 
volume, (j)°y 2 ^"^ ^^ ^ limiting apparent adiabatic compressibility, (j>°^  2 
The <|>y 2 values were found to increase with increase in temperature 
which suggests the increase in solute-solute interaction. While the ^^ ^ 
values were found to be weakly affected by concentration variations. 
The trend in the behaviour of <j)°y ^ ^ i^^ temperature was found to be 
similar to those of most of the electrolytes and hydrated non-electro-
lytes. The <j)°Y 2 values were found to decrease with increase in tem-
perature as well as in mole fraction (X). the decrease in <|)°y 2 values 
with increase in temperature was due to the change in molecular 
organisation while a small decrease in (j)°^  ^  values with increase in 
X was mainly due to increase in the H-bonded region. 
Thus, the trend in the variation of these properties with con-
centration and temperature provide a basis for understanding the 
molecular interactions in the systems under investigation. 
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The equilibrium properties of a liquid are strongly depen-
dent on its structure which depends upon the forces between 
molecules. In general, it changes with composition and tempera-
ture which, in turn, is reflected in the thermodynamic properties 
of solutions. 
Ultrasonics has proved to be very much useful for gaining 
information on the dynamics of liquid systems. The measurement 
of ultrasonic velocity enables the determination of adiabatic 
compressibility, molar ultrasonic velocity, Wada's constant and 
several other parameters which can be used to provide informa-
tion about the physical nature of the aggregates occuring in the 
liquid phase. 
Theoretical evaluation of ultrasound velocity in liquid mixtures 
has been a subject of interest for a long time. The empirical 
relations given by Nomoto (1) and Van Dael and Vangeel (2) have 
been successfully used by several workers for the evaluation of 
ultrasound velocity in binary (3,4), ternary (5) as well as in 
quaternary (6) liquid mixtures. The collision factor theory of 
Schaaffs (7) has also been employed by Nutsch-Kuhnekies (8) 
for the computation of ultrasound velocity in binary mixtures 
(9). These empirical relations although given for molecular liquid 
mixtures have also been employed to molten salts and their mix-
tures (10). However, no attempt has been made so far to evaluate 
the ultrasound velocity in the mixtures of two or more solutions 
by employing the said theories. 
The knowledge of solution properties is oftenly required 
for understanding the transport phenomena as well as the indus-
trial chemical processes. Measurement of viscosity enables to 
investigate the intermolecular association and dissociation. The 
temperature and concentration dependences of viscosity have 
been successfully employed (11,12) to characterise the strength 
and nature of interactions among the molecules in solutions. 
There is a direct approach to estimate the strength of interaction 
in binary mixtures from the viscosity data (13). Several empirical 
relations (14) have been used to represent the concentration 
dependence of viscosity in binary liquid mixtures. The non-
thermodynamic parameters such as rheochor and its excess function 
may also be utilised to describe the molecular interactions (15). 
The observed positive deviations in these properties from the 
linear dependence on mole fraction and the presence of maxima 
have been attributed to complex formation while the negative 
deviations are attributed to the presence of dispersive forces 
(16). 
Isothermal compressibility, internal pressure and specific 
heat ratio are the key parameters in molecular thermodynamics 
of fluid phase equilibria. These parameters can be deduced by 
measuring the ultrasonic velocity and density provided the ther-
mal expansion coefficient and the specific heat capacity at con-
stant pressure are known. However, in 1966 McGowan (17) gave 
a direct relationship between the isothermal compressibility, the 
ultrasonic velocity and the density. This relation has been tested 
for a variety of liquids (18) under varying physical conditions. 
A similar expression for computing the isothermal compressibil-
ity has been proposed by Pandey (19) by replacing the arbitrary 
constant in the denominator of Mc Gowan's relation by a tem-
perature term. 
Various hard-sphere equations of state (20-26) have also 
been conventionally used by several workers to evaluate various 
equilibrium thermodynamic properties of pure liquids, liquid 
mixtures as well as of electrolytic solutions (27-29). 
Volumetric as well as compressibility behaviours of solu-
tions have proved to be of great importance in understanding the 
interaction in solutions. Interest has also been shown in using 
the volumetric data in combination with the molecular theories 
or models of solutions to have an insight into the understanding 
of molecular interactions in liquid systems. (30-34). 
The apparent and partial molal volumes as well as 
compressibilities of electolyte and non-electrolyte solutions have 
been useful in elucidating the structural interactions. The partial 
molal volumes of electrolytes can also be used to calculate the 
effect of pressure on ionic equilibria for processes of engineering 
and oceanographic importance. The variations of excess and 
apparent molar compressibility (35-38) with composition pro-
vide useful information about the nature and the extent of packing 
effects in solutions induced by intermolecular interactions. 
The partial molar volumes and compressibilities at infinite 
dilutions can be used to obtain information about the structural 
and the interaction phenomena as well as about the solvation 
processes (39-42). 
Several theories (43-46) developed in past to study the 
apparent molal volume of solutes in solution are still the basis 
for many theories of solute-solvent interactions today. 
Carbohydrates as well as sodium ions play a vital role in 
the life of living organisms. Carbohydrates represent a major part 
of the total caloric intake for the human beings as well as for 
most of the animals and many micro-organisms. Carbohydrates 
are also central in the metabolism of green plants and other 
photosynthetic organisms. Sodium ion on the other hand, is the 
major component of the cations of extracellular fluid. It main-
tains the osmotic pressure of body fluid and thus protects our 
body against the excessive fluid loss. Associated with chlorine 
it regulates the acid-base equilibria. 
The carbohydrates as well as salts are physiologically im-
portant in association with water in biochemical reactions. Un-
derstanding the behaviour of these in dilute aqueous solutions 
is of utmost importance in biology and medicine. 
The thermodynamic properties of electrolyte solutions 
(47-49) as well as of mixed electrolyte solutions (50-52) have 
been extensively investigated. 
A better insight into the chemistry of non-electrolytes has 
also been provided by several workers (53-57). Franks and coworkers 
(58) were first to study the thermodynamic properties of carbo-
hydrates in dilute aqueous solutions. 
However, comparatively little effort has been made to 
investigate the behaviour of electrolyte-nonelectrolyte systems. 
The interaction of Na^ K"^  and Ca^^ with D-mannose and D-
glucose in aqueous solutions by ultrasonic measurements have 
been described by Puri and Shukla (59). Molal volumes of Sucrose 
in aqueous solutions of NaCl, KCl or urea have been reported 
by Sangster (60). 
Recently, an increasing number of thermodynamic studies 
in ternary mixtures containing electrolytes and /or non-electro-
lytes are being performed which permit investigations in a wide 
range of solutions with suitable properties (61, 62). 
Consequently, in view of the aspects described above, the 
effect of sodium chloride solution on the disaccharide (viz. 
lactose, sucrose and maltose) solutions both in water-EtOH has 
been investigated measuring the ultrasonic velocity, density and 
viscosity as functions of composition and temperature so that the 
ideality/non-ideality of these systems may be known. 
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MATERIALS AND SAMPLE PREPARATION 
Lactose (SD'S) , Maltose (SD'S), Sucrose (BDH) and 
Sodium Chloride (Qualigens ) used in the preparation of 
samples were of AR grade. 
All the compounds were dried at 50°C and kept in 
vacuum dessicator for several hours before use. Absolute 
alcohol prepared from commercial alcohol (63) was mixed 
with triply distilled water for being used as solvent. 
Decimolar solutions of disaccharides as well as of sodium 
chloride were prepared in the said mixed solvent. Mixtures 
of solutions of varying composition were made on volume 
basis. The resulting mixture, 
(a) Lactose in water-EtOH + Sodium Chloride 
in water-EtOH; 
(b) Sucrose in water-EtOH + Sodium Chloride in 
water-EtOH; and 
(c) Maltose in water-EtOH + Sodium Chloride in 
water-EtOH; 
though constitute the quaternary system have been analysed 
like the binary ones as follows : 
Composition Mole fraction X of NaCI ^ ^ a c i * ^^disacch* 
in water-EtOH 
A 0.000 0/100% 
B 0.102 10/90% 
C 0.204 20/80% 
D 0.305 30/70% 
E 0.405 40/60% 
F 0.506 50/50% 
G 0.605 60/40% 
H 0.705 70/30% 
I 0.804 80/20% 
J 0.902 90/10% 
K 1.000 100/0% 
Molecular weights have been calculated by using the usual 
relations, 
[2.1] M =M,X, + M2X2 
where subscripts 1 and 2 refer to the pure components 
of the mixture . 
TEMPERATURE CONTROL 
A thermostated paraffin bath was used to maintain 
* solution in water-EtOH 
a uniform temperature during the course of measurements 
of density and viscosity. The bath consists of an immersion 
heater (1.5 KW), a stirrer, a check thermometer (Germany) 
to study the change in temperature by 0.1°, a contact 
thermometer, and a relay [Jumo type NT 15.0, 220V-15A 
(Germany)] to control the variations in temperature. The 
overall temperature stability was found to be within ±0.1°. 
An ultrasonic interferometer (Mittals, model:M-77) was 
used for the measurement of sound velocity at a frequency 
of 4MHz in the experimental temperature range. Water from 
an ultrathermostat (type U-10) was circulated through the 
brass jacket surrounding the cell and the quartz crystal. 
The jacket is well insulated and the temperature of the 
liquid under study was maintained to an accuracy of ±0.1°. 
DENSITY MEASUREMENTS 
The density measurements have been performed by using 
a pyknometer. A pyknometer consists of a small bulb with 
flat bottom (capacity ~ 4ml ) and a graduated stem. The 
pyknometer was calibrated with triply distilled water. The 
clean and dried pyknometer was weighed and filled with 
the triply distilled water and again weighed. The difference 
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of these two weights gave the weight of water taken. Then 
the pyknometer was immersed in the said thermostated bath 
and the temperature was adjusted so as to bring the volume 
of water to each mark of the graduated stem of the 
pyknometer . The density of pure water at these temperatures 
corresponding to each of the marks has been computed 
using the relation, 
[2.2] p = 1.000525 - 2xl0"^t - 4.72x10'^ t^  ; (t°C) 
with a standard deviation of 4 ppm. 
From the known mass and density of water, the volume 
corresponding to each of the marks of the pyknometer has 
been determined. 
To check the reproducibility of calibration, the same 
process was repeated a number of times by taking different 
amounts of water. 
The solution densities were determined by using the 
calibrated pyknometer. The accuracy in density measurements 
was found to be within ±0.0003gcm'^. 
VISCOSITY MEASUREMENTS 
The viscosity measurements have been made with a 
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Cannon-Ubbelohde type viscometer (64, 65) shown in Fig.l. 
The viscometer was well cleaned, dried and filled with 
triply distilled water. To avoid the adsorption of moisture 
all the open ends of the three arms of viscometer were 
fitted with calcium chloride tubes. The viscometer was then 
clamped vertically in the paraffin bath maintained at the 
experimental temperatures, and the time of fall of water 
was recorded. 
The Poiseuille's equation, 
[2.3] Ti = 7iphgr\ / 8LV = p p t 
was employed for the calculation of viscosity . The terms 
have their usual meaning. For example, p is the density, 
h is the height of the column in the viscometer, g is 
the acceleration due to gravity, r is the radius of the 
capillary of the viscometer, L is the length and t is the 
time of fall of the test liquid of volume V to fall through 
the capillary. The terms associated with a given viscometer 
have been denoted by a single term for the constant 
characteristic of the viscometer. The p values were determined 
by using triply distilled water at several temperatures. 
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Fig. 1 : A Cannon-Ubbelohde Viscometer 
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The reproducibility of the viscosity measurement was 
found to be within ± 0.005 cp ( = Kg m"'s~'). The viscosities 
of the test solutions were measured using the calibrated 
viscometer by recording the time of fall at the experimental 
temperatures using the relation, 
n , P, t, 
[2.4] 
TI2 P 2 t 2 "-l 
where "n, p and t are the viscosity, the density and the 
time of fall while the subscripts 1 and 2 refer 
to water and the test solutions, respectively. 
ULTRASONIC MEASUREMENTS 
INSTRUMENTATION 
Working principle : An ultrasonic interferometer is a simple 
and direct device to determine the ultrasonic velocity in 
liquids with a high degree of accuracy. 
The principle used in the measurement of velocity 
(u) is based on the accurate determination of the wave 
length (X) in the medium. Ultrasonic waves of known 
frequency (f) are produced by a quartz plate fixed at the 
bottom of the cell. These waves are reflected by a movable 
metallic plate kept parallel to the quartz plate . If the 
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separation between these two plates is exactly a whole 
multiple of the sound wavelength, standing waves are formed 
in the medium. 
This acoustic resonance gives rise to an electrical 
reaction on the generator driving the quartz plate and the 
anode current of the generator becomes maximum. 
If the distance is now increased or decreased and 
the variation is exactly one-half wavelength (X/2) or multiple 
of it, anode current again becomes maximum. From the 
knowledge of the wavelength, the velocity can be obtained 
by the relation, 
[2.5] velocity = wavelength x frequency 
u = A, X f 
Description : 
The ultrasonic interferometer consists of two parts, 
(1) The high frequency generator and (2) the measuring 
cell. 
The "high frequency generator" is designed to excite 
the quartz plate fixed at the bottom of the measuring 
cell at its resonant frequency to generate the ultrasonic waves 
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in the experimental liquid filled in the "measuring cell". 
A micrometer to observe the change in current and two 
controls for the purpose of the sensitivity regulation and 
initial adjustment of micrometer are provided on the panel 
of the high frequency generator. 
The "measuring cell" is a specially designed double 
walled cell for maintaining constant temperature of the liquid 
during the course of measurement. A fine micrometer screw 
has been provided at the top which can lower or raise 
the reflector plate in the liquid in the cell through a 
known distance. It has a quartz plate fixed at its bottom. 
Adjustment of Ultrasonic Interferometer 
Instrument was adjusted in the following manner: 
(1) The cell was inserted in the square base socket and 
clamped to it with the help of a screw provided 
on one of its sides. 
(2) The kurled cap of the cell was unscrewed and removed 
from the double walled construction of the cell . In 
the middle portion of it the experimental liquid was 
poured and the kurled cap was screwed. 
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(3) Water was circulated through the chutes in the double 
wall construction in order to maintain the desired 
temperature. 
(4) The cell was connected with the high frequency 
generator by a co-axial cable provided with the 
instrument. 
For the initial adjustment two knobs are provided on 
the high frequency generator, one is marked with 'Adj ' and 
the other with 'Gain ' . With the knob marked 'Adj ' the position 
of needle on the ammeter was adjusted and the knob marked 
'Gain ' was used to increase the sensitivity of instrument 
for greater deflection. The ammeter was used to record 
the maximum deflection by adjusting the micrometer . 
Measurements 
The measuring cell was connected to the output terminal 
of the high frequency generator through a shielded cable 
. The cell was filled with the experimental liquid before 
switching on the generator . The ultrasonic waves of 4MHz 
frequency produced by a gold plated quartz crystal fixed 
at the bottom of a cell are passed through the medium 
and are reflected by a movable plate and the standing 
waves are formed in the liquid in between the reflector 
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plate and the quartz crystal. Acoustic resonance due to 
these standing waves gives rise to an electrical reaction 
to the generator driving the quartz plate and the anode 
current of the generator becomes maximum. The micrometer 
screw was raised slowly to record the maximum anode 
current . The wavelength was determined with the help of 
total distance moved by the micrometer for twenty maximum 
readings of the anode current. The total distance (d) gives 
the value of wavelength with the help of the relation, 
d = n (X,/2), where n is the maximum number of the readings. 
Once the wavelength was known the sound velocity in the 
liquid can be calculated with the help of relation given by 
eq. [2.5]. The accuracy in velocity measurements was within 
± 0.15%. 
Precautions 
(i) The generator was switched on after filling the cell 
by the experimental liquid . 
(ii) The experimental liquid was removed out of the cell 
after use . 
(iii) The micrometer was kept open at 25 mm. after use. 
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(iv) The sudden rise or fall in the temperature of circulated 
liquid was avoided to prevent thermal shock to the 
quartz crystal. 
(v) While cleaning the cell care was taken not to spoil 
or scratch the gold plating on the quartz crystal. 
(vi) The generator was given 15 seconds' warming up time 
before recording readings. 
Chapter 1 
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INTRODUCTION 
Several attempts have been made to investigate the 
intermoleculer interactions in pure liquids as well as in 
their mixtures (66-70) by knowing the derived parameters 
of ultrasonic velocity such as adiabatic compressibility, 
molecular ultrasonic velocity, specific acoustic impedance 
and Wada's constant. The changes/relative changes (with 
respect to the solvent) in some of the thermodynamic 
functions of the mixtures provide additional important 
information about the nature and the strength of such 
intermolecular interactions responsible for the behaviour of 
liquids/mixtures (71, 72). 
The empirical relations given by several workers 
(1 , 2, 7, 73) have been successfully applied to evaluate the 
ultrasonic velocities in binary (4, 74, 75), ternary (76-78) as 
well as in quaternary (79) systems. The validity of these 
relations may be examined by comparing the sound velocities 
evaluated from these relations with those of the experimental 
values. 
In the present work the effect of one common component, NaCl 
in water-EtOH, on disaccharide solutions (also in water-EtOH) has 
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been investigated by measuring the ultrasonic velocity and density. 
In addition, the experimental ultrasonic velocity values have been 
compared with those of the computed ones obtained using Nomoto 
Van Dael and Vangeel as well as Schaaffs' relations. 
THEORY 
The exeperimental ultrasonic velocity (u) and density 
(p) values have been used to compute the adiabatic 
compressibility, P ,^ the molecular ultrasonic velocity, R, the 
specific acoustic impedance, Z, and the molecular adiabatic 
compressibility or Wada's constant, B defined by the 
following standard relations : 
[3.1] P, = u-^p-' 
[3.2] R = (M/p).u^'^ = V.u'^ ^ 
[3.3] Z = u.p 
[3.4] B = V.CPJ'^ ' 
where V is the molar volume and M is the molecular 
weight of the solution. 
Assuming the linear dependence of molar ultrasonic 
velocity on mole fraction of one component, Nomoto gave an 
empirical relation for the velocity of ultrasound in binary 
liquid mixtures. 
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Nutch-Kuhnekies to binary liquid mixtures, 
[S, X + S2 (1 - X)] 
[3.9] u = u^ [B,X + B2(1-X)] 
[V, X + V2 (1 - X)] 
in which the terms have their usual meaning. 
The adiabatic compressibility data have been utilised 
to determine the change in adiabatic compressibity , 
[3.10] AP = B - p ° 
and the relative change in adiabatic compressibility, Ap^/p^". 
The adiabatic compressibility of water-EtOH as well as of 
disaccharide in water-EtOH have been taken as P^ ° in the 
above calculations. 
RESULTS AND DISCUSSION 
The experimental density values of the systems under investi-
gation have been least-square fitted to a polynomial equation of the 
form, 
n 
[3.11] P = I Pit ' ; (t°C) 
i=0 
the coefficients of which alongwith the standard deviations are 
listed in Table 1. The density values have been found to decrease with 
the increase in the mole fraction (X) of NaCl solution. 
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[3.5] u = 
R, X + R2 (1 - X) 
V, X + V, (1 - X) _ 
where subscripts 1 and 2 refer to the pure components. 
Adiabatic compressibility of ideal mixtures may be 
expressed as 
[3.6] Ps0n^) = Psi<l>i+Ps2<t> 
where (j)j and ^^ are the volume fractions of pure components. 
In the light of equation [3.6] , VanDael and Vangeel derived 
an expression for the sound velocity in mixtures , 
[3.7] u = ( f f 
M,u,-
+ 
M2O2 
) • 
V2 -V2 
[M,X + M^Cl-X)] 
Schaaffs, on the basis of collision factor theory, 
developed a relation for the ultrasound velocity in pure 
liquids, 
[3.8] u = u„ S (B/V) 
where u^ = 1600 m/s, S is the collision factor and B/V, 
the space filling factor determined by the usual method. 
Schaaffs' concept for the pure liquids was extended by 
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TABLE 1 : Least -squares fit coefficients of polynomial equation 
[3.11] as a function of composition 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
1 
J 
K 
Po 
(g cm" )^ 
1.0075 
1.0050 
1.0049 
1.0045 
1.0041 
1.0034 
1.0024 
1.0013 
0.9999 
0.9982 
0.9953 
P.xlO' 
(gcm-^°C-') 
-7.687 
-8.282 
-5.769 
-8.399 
-10.314 
-11.828 
-11.829 
-10.716 
-8.799 
-3.860 
+8.343 
(b) Sucrose in water-EtOH + NaCl in 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
Po 
(g cm" )^ 
1.0063 
1.0061 
1.0051 
1.0045 
1.0037 
1.0026 
1.0021 
1.0014 
1.0002 
0.9992 
0.9953 
P.xlO' 
(g cm"^ °C"') 
-2.808 
-11.155 
-10.000 
-10.000 
-9.600 
-8.799 
-11.828 
-11.694 
-10.314 
-9.199 
8.342 
PjXlO^ 
(gcm-'°C-') 
-4.286 
-5.429 
-4.572 
-4.000 
-3.714 
-3.429 
-3.429 
-3.714 
-4.000 
-4.857 
-6.857 
water-EtOH 
p^xio^ 
(g cm"' °C-') 
-5.429 
-3.714 
-4.000 
-4.000 
-4.000 
-4.000 
-3.429 
-3.408 
-3.714 
-4.000 
-6.857 
V^' 
2.4 
5.8 
1.7 
5.2 
1.4 
1.7 
1.7 
2.4 
3.2 
3.6 
3.4 
%]^10 ' 
1.7 
5.8 
1.1 
1.2 
4.5 
3.7 
1.7 
3.4 
2.4 
3.2 
3.4 
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(c) Maltose in water-EtOH + NaCl in water-EtOH 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
Po 
(g cm"^) 
1.0070 
1.0064 
1.0064 
1.0059 
1.0054 
1.0034 
1.0014 
0.9999 
0.9994 
0.9979 
0.9953 
p.xio^ 
(gcm-'°C-') 
-4.658 
-8.487 
-15.342 
-18.370 
-20.283 
-13.028 
-7.286 
-4.574 
-8.001 
-4.170 
8.343 
p^ xlO** 
(g cm"^  °C-') 
-4.857 
-4.286 
-3.143 
-2.572 
-2.286 
-3.429 
-4.286 
-4.571 
-4.000 
-4.572 
-6.857 
%]^10^ 
1.7 
1.4 
3.6 
2.3 
5.3 
2.2 
5.5 
3.3 
5.1 
3.4 
3.4 
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The dependence of ultrasound velocity upon the mole 
fraction of NaCl in water-EtOH has been examined by least-
squares fitting the experimental data to a polynomial equation 
n 
[3.12] u = Z Uj X' ; 
i=0 
where n=2 for the systems (a) and (b) while n = 3 for 
that of (c). The results alongwith the standard deviations are 
listed in Table 2. In each of the three systems studied, the 
ultrasonic velocity has been found to decrease with an 
increase in X and increase with an increase in temperature 
(Fig. 1). 
The computed ultrasonic velocity values obtained by 
using the Nomoto's relation, the Van Dael and Vangeel's ideal 
mixing relation and the Schaaffs' collision factor theory have 
been compared with those obtained experimentally (Table 3). 
Although these models have been developed for the mixtures 
of molecular liquids, an excellent agreement between these 
values obtained in the present case show that these theories 
apply equally well to such dilute liquidsystems. The deviations 
are very small which seem to be due to the experimental 
uncertainties. However, the ultrasonic velocity in pure 
components of the mixtures are very close to each other 
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Table 2 : Uj Coefficients of equation [3.12] as a function of 
temperature for the systems 
(a) (1-X) Lactose in water-EtOH + (X)NaCl in water-EtOH 
Temperature (K) 
293.15 
298.15 
303.15 
308.15 
313.15 
"o 
1535.34 
1541.07 
1546.71 
1552.61 
1558.25 
" i 
-7.652 
-5.417 
-2.600 
-0.602 
0.013 
"2 
-1.126 
-1.940 
-3.606 
-4.808 
-4.987 
V^^ 
2.4 
3.0 
2.7 
3.3 
3.0 
(b) (1-X) Sucrose in water-EtOH + (X) NaCl in water-EtOH 
Temperature 
293.15 
298.15 
303.15 
308.15 
313.15 
(K) 
"o 
1529.99 
1536.87 
1544.07 
1550.86 
1557.95 
" i 
-0.588 
-0.156 
-1.616 
-2.315 
-4.511 
"2 
-2.596 
-3.110 
-2.023 
-1.508 
-0.505 
^(u)^lO 
2.3 
2.8 
2.6 
2.1 
3.1 
(c) (1-X) Maltose in water-EtOH + (X)NaCI in water-EtOH 
Temperature (K) 
293.15 
298.15 
303.15 
308.15 
313.15 
"o 
1534.93 
1540.58 
1546.41 
1551.95 
1557.60 
" i 
-15.911 
-14.305 
-11.656 
-8.465 
-7.888 
" 2 
34.550 
31.938 
22.420 
13.680 
9.742 
"3 
-26.637 
-24.498 
-16.683 
-9.789 
-6.124 
%)^10 
2.9 
2.6 
2.6 
2.0 
1.6 
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Table 3 : Experimental and theoretical ultrasonic velocity values at 
several temperatures 
(a) Lactose in Water-EtOH + NaCl in water-EtOH 
\ T ( K ) 293.15 298.15 303.15 308.15 313.15 
COMPOSITION \ 
A 1535.3 1541.1 1546.9 1552.9 1558.5 
B 1534.9 1540.9 1546.7 1552.7 1558.4 
1. (1534.43) (1540.33) (1546.22) (1552.32) (1557.96) 
2. {1534.42} {1540.33} {1546.23} {1552.32} {1557.96} 
3. [1534.41] [1540.32] [1546.22] [1552.31] [1557.95] 
C 1533.4 1539.5 1545.6 1551.8 1557.6 
(1533.55) (1539.56) (1545.55) (1551.74) (1557.35) 
{1533.55} {1539.55} {1545.55} [1551.73} {1557.41} 
[1533.53] [1539.53] [1545.53] [1551.72] [1557.40] 
D 1532.8 1539.0 1545.2 1551.6 1557.4 
(1532.69) (1537.79) (1544.89) (1551.16) (1556.88) 
{1532.68] {1538.78} {1544.88} {1551.15} {1556.87} 
[1532.65] [1538.75] [1544.86] [1551.13] [1556.85] 
E 1531.8 1538.3 1544.9 1551.4 1557.3 
(1531.82) (1538.02) (1544.22) (1550.5) (1556.34) 
{1531.81} {1538.01} {1544.21} {1550.5} {1556.33} 
[1531.78] [1537.98] [1544.19] [1550.5] [1556.31] 
Contd.. 
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F 1531.6 1538.1 1544.6 1551.2 1557.1 
(1530.94) (1537.24) (1543.54) (1549.99) (1555.80) 
{1530.93} {1537.24} {1543.54} {1549.99} {1555.79} 
[1530.90] [1537.20] [1543.51] [1549.96] [1555.77] 
G 1530.3 1537.0 1544.0 1550.7 1556.7 
(1530.08) (1536.48) (1542.88) (1549.42) (1555.26) 
{1530.07} {1536.47} {1542.87} {1549.41) {1555.25} 
[1530.04] [1536.44] [1542.85] [1549.39] [1555.23] 
H 1529.6 1536.7 1543.4 1550.2 1555.9 
(1529.20) (1535.70) (1542.21) (1548.83) (1554.72) 
{1529.20} {1535.70} {1542.20} {1548.83) {1554.71} 
[1529.17] [1535.67] [1542.18] [1548.81] [1554.69] 
I 1528.2 1535.3 1542.4 1549.4 1555.5 
(1528.33) (1534.94) (1541.53) (1548.25) (1554.18) 
{1528.33} {1534.93} {1541.53} {1548.25) {1554.17} 
[1528.31] [1534.91] [1541.51] [1548.24] [1554.16] 
J 1527.5 1534.9 1541.5 1547.7 1553.9 
(1527.47) (1534.17) (1540.87) (1547.68) (1553.64) 
{1527.47} {1534.17} {1540.87} {1547.68) {1553.64} 
[1527.45] [1534.15] [1540.86] [1547.67] [1553.63] 
K 1526.6 1533.4 1540.2 1547.1 1553.1 
1. u values obtained using Nomoto relation. 
2. u values obtained using Van Dael and Vangeel relation. 
3. u values obtained using Schaaffs' relation. 
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(b) Sucrose in Water-EtOH + NaCl in water-EtOH 
Vr(K) 293.15 298.15 303.15 308.15 313.15 
COMPOSmOH \ 
A 1530.3 1537.2 1544.5 1551.1 1558.1 
B 1529.8 1536.7 1543.5 1550.3 1557.2 
1. (1529.93) (1536.82) (1544.07) (1550.70) (1557.60) 
2. {1529.93} {1536.82} {1544.07} {1550.70} {1557.60} 
3. [1529.92] [1536.81] [1544.06] [1550.69] [1557.59] 
C 1529.6 1536.6 1543.5 1550.2 1556.8 
(1529.56) (1536.44) (1543.64) (1550.30) (1557.10) 
{1529.55} {1536.43} {1543.63} [1550.29} {1557.09} 
[1529.54] [1536.42] [1543.62] [1550.28] [1557.08] 
D 1529.2 1536.5 1543.2 1550.0 1556.6 
(1529.19) (1536.06) (1543.21) (1549.90) (1556.60) 
{1529.18] {1536.05} {1543.20} {1549.89} {1556.59} 
[1529.17] [1536.04] [1543.19] [1549.88] [1556.57] 
E 1529.3 1536.3 1543.1 1549.8 1556.4 
(1528.82) (1535.68) (1542.78) (1549.50) (1556.10) 
{1528.81} {1535.67} {1542.77} {1549.49} {1556.09} 
[1528.80] [1535.66] [1542.76] [1549.48] [1556.07] 
F 1529.1 1536.1 1542.9 1549.6 1556.0 
(1528.45) (1535.30) (1542.35) (1549.10) (1555.59) 
{1528.44} {1535.29} {1542.34} {1549.09} {1555.59} 
[1528.43] [1535.28] [1542.32] [1549.08] [1555.57] 
Contd. 
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G 1529.1 1536.0 1542.7 1549.0 1555.0 
(1528.08) (1534.92) (1541.92) (1549.70) (1555.10) 
{1528.07} {1534.91} {1541.91} {1549.69) {1555.09} 
[1528.06] [1534.90] [1541.90] [1548.68] [1555.07] 
H 1528.2 1535.4 1541.7 1548.1 1553.9 
(1527.71) (1534.54) (1541.49) (1548.30) (1554.59) 
{1527.70} {1534.53} {1541.48} {1548.29) {1554.59} 
[1527.69] [1534.52] [1541.47] [1548.28] [1554.57] 
I 1528.0 1535.3 1541.5 1548.1 1553.8 ' 
(1527.34) (1534.16) (1541.06) (1547.90) (1554.09) 
{1527.33} {1534.15} {1541.05} {1547.89) {1554.09} 
[1527.32] [1534.14] [1541.04] [1547.88] [1554.08] 
J 1527.4 1534.9 1541.2 1547.5 1553.6 
(1526.97) (1533.78) (1540.63) (1547.50) (1553.60) 
{1526.97} {1533.77} {1540.63} {1547.50) {1553.60} 
[1526.96] [1534.77] [1540.62] [1547.49] [1553.59] 
K 1526.6 1533.4 1540.2 1547.1 1553.1 
1. u values obtained using Nomoto relation. 
2. u values obtained using Van Dael and Vangeel relation. 
3. u values obtained using Schaaffs' relation. 
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(c) Maltose in water-EtOH + NaCI in water-EtOH 
\T(K) 293.15 298.15 303.15 308.15 313.15 
coMPOsmow \ 
A 1535.0 1540.6 1546.5 1551.9 1557.5 
B 1533.4 1539.3 1545.2 1551.2 1557.0 
1. (1534.16) (1539.88) (1545.87) (1551.42) (1557.06) 
2. {1534.16} {1539.88} {1545.87} {1551.42} {1557.06} 
3. [1534.15] [1539.86] [1545.86] [1551.41] [1557.05] 
C 1532.9 1538.8 1544.8 1550.8 1556.4 
(1533.42) (1539.27) (1545.32) (1551.05) (1556.73) 
{1533.31} {1539.15} {1545.23} [1550.93} {1556.61} 
[1533.30] [1539.13] [1545.21] [1550.92] [1556.60] 
D 1532.8 1538.7 1544.7 1550.4 1556.0 
(1532.59) (1538.55) (1544.72) (1540.57) (1556.29) 
{1532.47] {1538.43} {1544.60} {1540.45} {1556.17} 
[1532.45] [1538.40] [1544.58] [1540.44] [1556.16] 
E 1532.3 1538.5 1544.5 1550.3 1555.6 
(1531.64) (1537.72) (1543.98) (1549.98) (1555.74) 
{1531.64} {1537.71} {1543.98} {1549.97} {1555.73} 
[1531.62] [1537.68] [1543.95] [1549.96] [1555.72] 
F 1532.2 1538.3 1544.0 1549.7 1555.2 
(1530.90) (1537.11) (1543.46) (1549.60) (1555.41) 
{1530.79} {1536.99} {1543.34} {1549.49} {1555.30} 
[1530.77] [1536.98] [1543.31] [1549.47] [1555.27] 
Contd. 
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G 1531.9 1538.0 1543.6 1549.5 1554.9 
(1529.96) (1536.28) (1542.72) (1549.02) (1554.86) 
{1529.95} {1536.28} {1542.71} {1549.01) {1554.85} 
[1529.94] [1536.24] [1542.69] [1548.99] [1554.84] 
H 1531.1 1537.4 1543.2 1549.2 1554.7 
(1529.23) (1535.69) (1542.20) (1548.65) (1554.53) 
{1529.11} {1535.55} {1542.08} {1548.53) {1554.41} 
[1529.09] [1535.52] [1542.06] [1548.52] [1554.40] 
I 1530.8 1537.2 1543.0 1549.2 1554.7 
(1528.39) (1534.95) (1541.57) (1548.65) (1554.53) 
{1528.27} {1534.83} {1541.45} {1548.53) {1554.41} 
[1528.26] [1534.81] [1541.43] [1548.52] [1554.40] 
J 1529.7 1536.2 1542.4 1549.0 1554.4 
(1527.44) (1534.12) (1540.83) (1548.17) (1554.09) 
{1527.44} {1534.12} {1540.82} {1548.05) {1553.97} 
[1527.43] [1534.11] [1540.82] [1548.04] [1553.96] 
K 1526.6 1533.4 1540.2 1547.1 1553.1 
1. u values obtained using Nomoto relation. 
2. u values obtained using Van Dae! and Vangeel relation. 
3. u values obtained using Schaaffs' relation. 
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MOLE FRACTION, X 
Plots of ultrasonic velocity (u) Vs mole fraction (X) for (a) (l-X) Lactose 
in water-EtOH + (X) NaCI in water-EtOH; (b) (l-X) Sucrose in water-
EtOH + (X) NaCI in water-EtOH; and (c) (l-X) Maltose in water-EtOH 
+ (X) NaCI in water-EtOH systems at several temperatures. 
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which is apparently the main reason responsible for such 
a close resemblance (or good agreement) between the 
computed values obtained using altogether different equa-
tions/models. Thus the systems taken, may be considered as 
few of the best systems to support the feasibility of the 
said models. 
The adiabatic compressibility values (p^) have been 
found to decrease with increase in temperature while increase 
with increase in X (Table 4). The decrease in compressibility 
with increase in increase in temperature may be supposed 
to be due to the thermal rupture of the solvent components 
(80). An increase in the P^  values with increase in X may 
be ascribed to two effects : viz. (1) the decrease in com-
pressibility caused by the introduction of incompressible 
ions (80) and (2) the addition of salt solution affects the 
solvation of disaccharides which results in an increase in 
compressibility. 
The resultant of these two effects seem to be responsible 
for a slight increase in the p^ values. The nature of variation 
of p^ with X has been displayed for different temperatures 
(Fig. 2). 
Table 5 presents the Ap^/p^° values in which water-
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Table 4 :-Adiabatic compressibility values (P^x 10 , m N" ) as func-
tions of compositon and temperature 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
(b) S 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
yT(K) 293.15 
\ 
42.24 
42.33 
42.45 
42.51 
42.59 
42.64 
42.76 
42.84 
42.97 
43.05 
43.16 
298.15 
41.98 
42.06 
42.17 
42.23 
42.29 
42.34 
42.45 
42.50 
42.63 
42.69 
42.83 
303.15 
41.73 
41.80 
41.90 
41.95 
42.00 
42.05 
42.12 
42.20 
42.30 
42.39 
42.51 
308.15 
41.49 
41.55 
41.64 
41.68 
41.72 
41.76 
41.83 
41.91 
41.99 
42.13 
42.21 
313.15 
41.27 
41.34 
41.42 
41.45 
41.48 
41.53 
41.59 
41.68 
41.75 
41.88 
41.97 
ucrose in water-EtOH + Nad in water-EtOH 
^T(K) 293.15 
\ 
42.53 
42.63 
42.67 
42.73 
42.75 
42.80 
42.84 
42.93 
42.98 
43.05 
43.16 
298.15 
42.20 
42.31 
42.35 
42.38 
42.42 
42.47 
42.51 
42.59 
42.63 
42.69 
42.83 
303.15 
41.86 
42.00 
42.04 
42.08 
42.11 
42.16 
42.21 
42.30 
42.35 
42.41 
42.51 
308.15 
41.58 
41.70 
41.75 
41.79 
41.83 
41.87 
41.94 
42.03 
42.06 
42.14 
42.21 
313.15 
41.29 
41.42 
41.48 
41.52 
41.55 
41.61 
41.69 
41.79 
41.83 
41.89 
41.97 
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(c) Maltose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 293.15 
\ 
42.27 
42.41 
42.47 
42.51 
42.56 
42.62 
42.69 
42.78 
42.84 
42.94 
43.16 
298.15 
42.02 
42.14 
42.20 
42.25 
42.29 
42.34 
42.40 
42.48 
42.54 
42.63 
42.83 
303.15 
41.76 
41.88 
41.95 
41.99 
42.04 
42.10 
42.16 
42.22 
42.28 
42.35 
42.51 
308.15 
41.55 
41.63 
41.70 
41.76 
41.80 
41.87 
41.91 
41.97 
41.03 
42.08 
42.21 
313.15 
41.34 
41.41 
41.48 
41.53 
41.59 
41.65 
41.71 
41.76 
41.82 
41.86 
41.97 
Table 5 : Relative change in adiabatic compressibility (AP /^p^^xlO )^ 
functions of composition and temperature as 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
, T(K) 293.15 
\ 
3.008 
2.804 
2.535 
2.390 
2.204 
2.092 
1.828 
1.639 
1.350 
1.150 
0.914 
298.15 
2.878 
2.707 
2.452 
2.320 
2.163 
2.050 
1.811 
1.675 
1.386 
1.249 
0.932 
303.15 
2.759 
2.598 
2.372 
2.242 
2.137 
2.020 
1.846 
1.668 
1.433 
1.219 
0.953 
308.15 
2.656 
2.497 
2.295 
2.210 
2.107 
2.002 
1.840 
1.668 
1.469 
1.140 
0.964 
313.15 
2.506 
2.339 
2.159 
2.086 
2.003 
1.899 
1.751 
1.540 
1.380 
1.065 
0.843 
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(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
2.358 
2.126 
2.034 
1.901 
1.846 
1.731 
1.644 
1.437 
1.323 
1.157 
0.914 
298.15 
2.385 
2.135 
2.036 
1.964 
1.869 
1.756 
1.654 
1.488 
1.395 
1.256 
0.932 
303.15 
2.456 
2.134 
2.046 
1.950 
1.878 
1.764 
1.650 
1.433 
1.319 
1.191 
0.953 
308.15 
2.431 
2.145 
2.034 
1.950 
1.856 
1.760 
1.596 
1.382 
1.302 
1.126 
0.964 
313.15 
2.457 
2.159 
2.010 
1.925 
1.840 
1.710 
1.505 
1.276 
1.174 
1.049 
0.843 
(c) Maltose in water-EtOH + Nacl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
2.953 
2.634 
2.491 
2.390 
2.275 
2.138 
2.021 
1.782 
1.644 
1.405 
0.914 
298.15 
2.797 
2.524 
2.374 
2.274 
2.161 
2.045 
1.909 
1.723 
1.601 
1.383 
0.932 
303.15 
2.689 
2.409 
2.260 
2.160 
2.046 
1.904 
1.755 
1.615 
1.480 
1.314 
0.953 
308.15 
2.513 
2.307 
2.159 
2.020 
1.929 
1.762 
1.650 
1.511 
1.387 
1.260 
0.964 
313.15 
2.353 
2.173 
2.017 
1.890 
1.751 
1.611 
1.472 
1.358 
1.219 
1.117 
0.843 
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Fig. 2 Plots of adiabatic compressibility (P^ ) Vs mole fraction (X) for (a) (1-X) 
Lactose in water-EtOH + (X) NaCl in water-EtOH; (b) (1-X) Sucrose in 
water-EtOH + (X) NaCI in water-EtOH; and (c) (1-X) Maltose in water-
EtOH + (X) NaCl in water-EtOH systems at several temperatures. 
39 
EtOH has been considered as solvent while AP^ and 
Ap /p ° values listed in Table 6 and 7 have been computed 
by considering disaccharide in water-EtOH as a solvent. 
The nature of variation of Ap /^p^" with mole fraction and 
temperature has been shown in Figs. 3 and 4 . 
In the cases of systems (b) and (c) the curves approach 
linearity with increase in temperature while they become 
non-linear in the case of the system (a) on increasing the 
temperature. It is noteworthy that the plots shown in figures 
3 and 4 are the typical or characteristic plots for the 
presence of interactios due to hydrogen bonding or weak 
dipole-dipole interactions (81). 
In addition , the plots shown in Figs. 5-7 depict the 
nature of variation of the molar ultrasonic velocity (R) 
,the specific acoustic impedance (Z) and the Wada's constant 
(B) with composition and temperature. The computed R, 
Z and B values are listed in Tables 8-10. An examination 
of these plots show that R and B vary linearly with 
composition while deviations from linearity occur in the 
case of Z. These values (R, B and Z) record a slight increase 
with increase in temperature. 
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Table 6 : Change in adiabatic compressibility (AP^xlO , m N" ) as 
functions of composition and temperature. 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
. T(K) 293.15 
\ 
-0.089 
-0.206 
-0.269 
-0.350 
-0.400 
-0.515 
-0.597 
-0.723 
-0.810 
298.15 
-0.074 
-0.184 
-0.241 
-0.309 
-0.358 
-0.461 
-0.521 
-0.645 
-0.710 
303.15 
-0.069 
-0.167 
-0.222 
-0.268 
-0.318 
-0.393 
-0.468 
-0.569 
-0.661 
308.15 
-0.069 
-0.155 
-0.191 
-0.235 
-0.279 
-0.348 
-0.421 
-0.507 
-0.646 
313.15 
-0.071 
-0.147 
-0.179 
-0.213 
-0.257 
-0.321 
-0.410 
-0.477 
-0.610 
(b) Sucrose in water-EtOH +NaCJ in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
-0.100 
-0.150 
-0.197 
-0.222 
-0.271 
-0.310 
-0.399 
-0.449 
-0.522 
298.15 
-0.108 
-0.151 
-0.182 
-0.223 
-0.272 
-0.316 
-0.388 
-0.428 
-0.488 
303.15 
-0.138 
-0.176 
-0.217 
-0.248 
-0.297 
-0.346 
-0.440 
-0.489 
-0.544 
308.15 
-0.122 
-0.169 
-0.205 
-0.246 
-0.286 
-0.356 
-0.447 
-0.481 
-0.556 
313.15 
-0.126 
-0.190 
-0.225 
-0.261 
-0.316 
-0.403 
-0.500 
-0.543 
-0.596 
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(c) Maltose in water-EtOH +NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
-0.139 
-0.200 
-0.244 
-0.295 
-0.354 
-0.418 
-0.510 
-0.569 
-0.674 
298.15 
-0.117 
-0.183 
-0.226 
-0.275 
-0.324 
-0.383 
-0.463 
-0.517 
-0.611 
303.15 
-0.121 
-0.184 
-0.227 
-0.276 
-0.338 
-0.401 
-0.461 
-0.519 
-0.590 
308.15 
-0.088 
-0.151 
-0.210 
-0.249 
-0.319 
-0.368 
-0.426 
-0.480 
-0.534 
313.15 
-0.076 
-0.142 
-0.196 
-0.255 
-0.315 
-0.373 
-0.421 
-0.480 
-0.523 
Table 7 : Relative change in adiabatic compressibility (A^J^^'^^IO^) 
as functions of composition and temperature 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
. T(K) 293.15 
\ 
-0.212 
-0.488 
-0.637 
-0.829 
-0.946 
-1.219 
-1.413 
-1.711 
-1.913 
298.15 
-0.176 
-0.438 
-0.574 
-0.736 
-0.853 
-1.099 
-1.240 
-1.537 
-1.692 
303.15 
-0.166 
-0.399 
-0.532 
-0.641 
-0.761 
-0.941 
-1.121 
-1.364 
-1.584 
308.15 
-0.166 
-0.373 
-0.459 
-0.566 
-0.673 
-0.839 
-1.016 
-1.222 
-1.557 
313.15 
-0.174 
-0.357 
-0.433 
-0.517 
-0.624 
-0.777 
-0.993 
-1.157 
-1.478 
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(b) Sucrose in water-EtOH +NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
-0.233 
-0.350 
-0.463 
-0.520 
-0.637 
-0.727 
-0.938 
-1.056 
-1.225 
298.15 
-0.256 
-0.358 
-0.431 
-0.529 
-0.659 
-0.827 
-0.920 
-1.014 
-1.157 
303.15 
-0.330 
-0.420 
-0.518 
-0.592 
-0.645 
-0.827 
-1.049 
-1.166 
-1.297 
308.15 
-0.293 
-0.406 
-0.493 
-0.589 
-0.688 
-0.856 
-1.075 
-1.157 
-1.337 
313.15 
-0.305 
-0.458 
-0.545 
-0.632 
-0.765 
-0.976 
-1.211 
-1.315 
-1.443 
(c) Maltose in water-EtOH +NaCI in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
-0.329 
-0.474 
-0.578 
-0.698 
-0.838 
-0.989 
-1.205 
-1.347 
-1.595 
298.15 
-0.279 
-0.435 
-0.538 
-0.655 
-0.772 
-0.912 
-1.102 
-1.230 
-1.454 
303.15 
-0.289 
-0.441 
-0.544 
-0.661 
-0.810 
-0.961 
-1.105 
-1.243 
-1.414 
308.15 
-0.211 
-0.363 
-0.505 
-0.599 
-0.768 
-0.885 
-1.026 
-1.154 
-1.285 
313.15 
-0.212 
-0.343 
-0.475 
-0.618 
-0.761 
-0.901 
-1.019 
-1.160 
-1.265 
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Fig. 3 : Plots of AP^  / P^ " as a function of composition for (a) Lactose in water-
EtOH + NaCI in water-EtOH; (b) Sucrose in water-EtOH + NaCl in water-
EtOH; and (c) Maltose in water-EtOH + NaCl in water-EtOH systems. 
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Fig. 4 : Plots of Ap^/ p^° Vs X for (a) (1-X) Lactose in water-EtOH + (X) NaCl 
in water-EtOH; (b) (1-X) Sucrose in water-EtOH + (X) NaCl in water-
EtOH; and (c) (1-X) Maltose in water-EtOH + (X) NaCl in water-EtOH 
systems. 
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Table 8 : Molar ultrasonic velocity (RxlO^, m mol ' s "^  ) as 
functions of composition and temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 293.15 
\ 
219.77 
219.39 
218.78 
218.21 
217.59 
217.08 
216.54 
216.03 
215.51 
215.03 
214.56 
298.15 
220.35 
219.96 
219.36 
218.78 
218.21 
217.69 
217.16 
216.67 
216.15 
215.66 
215.14 
303.15 
220.96 
220.54 
219.98 
219.43 
218.87 
218.32 
217.82 
217.31 
216.81 
216.29 
215.76 
308.15 
221.64 
221.23 
220.67 
220.08 
219.55 
219.01 
218.51 
218.02 
217.51 
216.98 
216.48 
313.15 
222.35 
221.97 
221.41 
220.80 
220.25 
219.70 
219.21 
218.71 
218.23 
217.71 
217.24 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
219.16 
218.83 
218.38 
217.82 
217.31 
216.84 
216.43 
215.89 
215.43 
214.94 
214.56 
298.15 
219.75 
219.47 
219.01 
218.46 
217.96 
217.48 
217.01 
216.53 
216.05 
215.58 
215.14 
303.15 
220.42 
220.14 
219.69 
219.14 
218.60 
218.13 
217.66 
217.16 
216.69 
216.22 
215.76 
308.15 
221.14 
220.85 
220.40 
219.85 
219.33 
218.81 
218.32 
217.85 
217.37 
216.91 
216.48 
313.15 
221.91 
221.62 
221.16 
220.60 
220.06 
219.56 
219.02 
218.52 
218.05 
217.61 
217.24 
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(c) Maltose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
219.80 
219.27 
218.72 
218.21 
217.67 
217.17 
216.71 
216.21 
215.71 
215.20 
214.56 
298.15 
220.37 
219.84 
219.31 
218.79 
218.28 
217.76 
217.28 
216.78 
216.30 
215.76 
215.14 
303.15 
220.98 
220.47 
219.96 
219.45 
218.93 
218.38 
217.89 
217.36 
216.90 
216.38 
215.76 
308.15 
221.84 
221.15 
220.65 
220.12 
219.58 
219.04 
218.54 
218.04 
217.55 
217.04 
216.48 
313.15 
222.37 
221.89 
221.33 
220.78 
220.25 
219.72 
219.24 
218.71 
218.22 
217.72 
217.24 
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Table 9 : Specific acoustic impedance (Zx 10 , kgm s )as functions 
of composition and temperature 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
, T(K) 293.15 
\ 
1541.90 
1539.04 
1536.31 
1534.69 
1532.72 
1531.14 
1528.31 
1526.08 
1523.00 
1520.63 
1517.90 
298.15 
1545.57 
1543.06 
1540.42 
1538.85 
1537.07 
1535.49 
1532.85 
1531.01 
1527.93 
1526.00 
1522.82 
303.15 
1549.07 
1546.70 
1544.21 
1542.57 
1541.19 
1539.66 
1537.52 
1535.37 
1532.68 
1530.25 
1527.42 
308.15 
1552.28 
1549.91 
1547.61 
1546.48 
1545.04 
1543.60 
1541.55 
1539.35 
1537.01 
1533.62 
1531.47 
313.15 
1554.76 
1552.17 
1550.12 
1549.15 
1547.97 
1546.51 
1544.56 
1542.05 
1539.95 
1536.65 
1534.00 
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(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 293.15 
\ 
1536.57 
1533.47 
1531.89 
1530.58 
1529.61 
1528.03 
1526.65 
1524.38 
1522.81 
1520.83 
1517.90 
298.15 
1541.66 
1538.24 
1536.75 
1535.75 
1534.46 
1532.87 
1531.39 
1529.41 
1528.08 
1526.31 
1522.82 
303.15 
1546.66 
1542.57 
1541.19 
1539.96 
1538.93 
1537.35 
1535.76 
1533.38 
1531.79 
1530.10 
1527.42 
308.15 
1550.48 
1546.73 
1545.08 
1543.96 
1542.67 
1541.39 
1539.40 
1536.95 
1535.72 
1533.57 
1531.47 
313.15 
1554.36 
1550.50 
1548.55 
1547.42 
1546.28 
1544.64 
1542.41 
1539.92 
1538.42 
1536.67 
1534.00 
(c) Maltose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
1541.29 
1537.85 
1536.12 
1534.64 
1533.11 
1531.28 
1529.30 
1526.81 
1524.98 
1522.36 
1517.90 
298.15 
1544.76 
1541.76 
1539.88 
1538.59 
1536.81 
1535.22 
1533.39 
1531.10 
1529.36 
1526.98 
1522.82 
303.15 
1548.36 
1545.20 
1543.26 
1541.77 
1540.18 
1538.44 
1536.50 
1534.71 
1532.82 
1530.83 
1527.42 
308.15 
1550.97 
1548.41 
1546.46 
1544^6 
1543.32 
1541.33 
1539.74 
1537.89 
1536.14 
1534.05 
1531.47 
313.15 
1553.30 
1550.93 
1549.09 
1547.44 
1545.64 
1543.85 
1541.99 
1540.40 
1538.55 
1537.05 
1534.00 
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Table 10 : Wada's constant , B , as a function of composition at 
several temperatures 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
415.98 
415.17 
414.01 
412.88 
411.69 
410.66 
409.63 
408.59 
407.56 
406.60 
405.66 
298.15 
416.93 
416.10 
414.94 
413.82 
412.68 
411.65 
410.63 
409.62 
408.59 
407.62 
406.60 
303.15 
417.91 
417.04 
415.95 
414.86 
413.76 
412.68 
411.69 
410.66 
409.66 
408.65 
407.60 
308.15 
419.02 
418.15 
417.07 
415.93 
414.86 
413.79 
412.81 
411.82 
410.79 
409.75 
408.76 
313.15 
420.17 
419.38 
418.26 
417.09 
415.99 
414.92 
413.94 
412.93 
411.97 
410.93 
409.99 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
. T(K) 293.15 
\ 
414.88 
418.18 
413.26 
412.17 
411.18 
410.23 
409.40 
408.34 
407.42 
406.45 
405.66 
298.15 
415.85 
415.22 
414.28 
413.21 
412.22 
411.27 
410.28 
409.37 
408.42 
407.49 
406.60 
303.15 
417.70 
416.30 
415.40 
414.31 
413.26 
412.32 
411.38 
410.40 
409.46 
408.53 
407.60 
308.15 
418.10 
417.45 
416.55 
415.47 
414.45 
413.43 
412.46 
411.52 
410.55 
409.64 
408.76 
313.15 
419.35 
418.69 
417.77 
416.68 
415.63 
414.63 
413.59 
412.60 
411.66 
410.78 
409.99 
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(b) Maltose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 293.15 
\ 
416.03 
414.98 
413.90 
412.88 
411.81 
410.81 
409.89 
408.88 
407.90 
406.87 
405.66 
298.15 
416.96 
415.90 
414.85 
413.83 
412.80 
411.77 
410.81 
409.82 
408.84 
407.79 
406.60 
303.15 
417.95 
416.93 
415.92 
414.90 
413.87 
412.78 
411.81 
410.76 
409.81 
408.79 
407.60 
308.15 
419.02 
418.03 
417.02 
415.98 
414.92 
413.85 
412.86 
411.85 
410.87 
409.87 
408.76 
313.15 
420.20 
419.24 
418.14 
417.05 
416.00 
414.95 
413.98 
412.94 
411.95 
410.96 
409.99 
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Fig. 5 : Plots of molar ultrasonic velocity (R) Vs mole fraction (X) for (a) (1-X) 
Lactose in water-EtOH + (X) NaCI in water-EtOH; (b) (1-X) Sucrose in 
water-EtOH + (X) NaCl in water-EtOH; and (c) (1-X) Maltose in water-
EtOH + (X) NaCl in watcr-EtOH systems at several temperatures. 
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INTRODUCTION 
Viscosity measurements provide valuable information 
about the size and the state of solvation of molecules in 
solution (82). Several attempts have been made to measure 
the viscosities of aqueous solutions of salts as well 
as of biochemical substances (83-87). These investigations may 
throw light on the nature and the degree of interaction that 
are expected to be present in non-aqueous (88-90) and aqueous 
(91, 92) binary mixtures. Deviations from the linear de-
pendence of viscosity and its derived parameters on mole 
fraction may account for the variation in the type and the 
degree of interaction (93). 
The present study has been carried out to investigate 
the ideality and non-ideality of mixtures as a result of 
addition of sodium chloride solution to those of the 
disaccharides in water-EtOH medium. An attempt has also 
been made to predict the viscosity of mixtures by using 
the rheochor values of the pure components. 
RESULTS AND DISCUSSION 
The experimental viscosity ( x] ) data as functions of 
composition and temperature are presented in Table 1. The 
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Table 1 : Experimental and calculated viscosity values (T|X 10 , 
kg m"' s"') as functions of mole fraction and 
temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
^ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
.T(K) 293.15 298.15 303.15 308.15 
\ 
1.404 
1.369 
(1.380) 
1.345 
(1.365) 
1.336 
(1.352) 
1.312 
(1.340) 
1.303 
(1.325) 
1.284 
(1.308) 
1.273 
(1.293) 
1.256 
(1.276) 
1.249 
(1.259) 
1.242 
1.239 
1.201 
(1.219) 
1.183 
(1.206) 
1.173 
(1.194) 
1.162 
(1.182) 
1.142 
(1.169) 
1.139 
(1.154) 
1.126 
(1.140) 
1.112 
(1.125) 
1.099 
(1.110) 
1.096 
1.071 
1.059 
(1.057) 
1.033 
(1.046) 
1.027 
(1.037) 
1.021 
(1.028) 
1.006 
(1.019) 
0.999 
(1.007) 
0.989 
(0.997) 
0.974 
(0.985) 
0.965 
(0.975) 
0.964 
0.949 
0.936 
(0.936) 
0.923 
(0.927) 
0.909 
(0.920) 
0.896 
(0.911) 
0.889 
(0.903) 
0.886 
(0.893) 
0.877 
(0.882) 
0.863 
(0.873) 
0.854 
(0.862) 
0.853 
313.15 
0.834 
0.824 
(0.822) 
0.814 
(0.815) 
0.802 
(0.810) 
0.799 
(0.805) 
0.789 
(0.798) 
0.786 
(0.790) 
0.780 
(0.782) 
0.772 
(0.773) 
0.758 
(0.765) 
0.756 
*The viscosity values obtained using equation [4.5] are listed in paranthesis. 
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(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ T(K) 
COMPOSITION \ 
A 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.407 
1.373 
(1.372) 
1.349 
(1.355) 
1.325 
(1.339) 
1.301 
(1.322) 
1.292 
(1.305) 
1.276 
(1.289) 
1.259 
(1.273) 
1.250 
(1.257) 
1.242 
298.15 
1.240 
1.215 
(1.210) 
1.191 
(1.195) 
1.174 
(1.181) 
1.151 
(1.166) 
1.134 
(1.151) 
1.118 
(1.137) 
1.102 
(1.123) 
1.098 
(1.109) 
1.096 
303.15 
1.069 
1.044 
(1.047) 
1.028 
(1.037) 
1.022 
(1.026) 
1.004 
(1.015) 
1.000 
(1.005) 
0.987 
(0.994) 
0.986 
(0.984) 
0.978 
(0.974) 
0.964 
308.15 
0.959 
0.926 
(0.937) 
0.918 
(0.926) 
0.910 
(0.915) 
0.899 
(0.905) 
0.878 
(0.894) 
0.869 
(0.884) 
0.862 
(0.873) 
0.861 
(0.863) 
0.853 
The viscosity values obtained using equation [4.5] are listed in paranthesis. 
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(c) Maltose in water-EtOH + NaCI in water-EtOH 
\ T(K) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.369 
1.342 
(1.356) 
1.329 
(1.343) 
1.311 
(1.330) 
1.298 
(1.317) 
1.285 
(1.304) 
1.272 
(1.291) 
1.262 
(1.279) 
1.252 
(1.266) 
1.243 
(1.254) 
1.242 
298.15 
1.207 
1.189 
(1.195) 
1.175 
(1.184) 
1.166 
(1.173) 
1.149 
(1.162) 
1.145 
(1.150) 
1.126 
(1.139) 
1.118 
(1.128) 
1.107 
(1.117) 
1.098 
(1.107) 
1.096 
303.15 
1.058 
1.042 
(1.048) 
1.031 
(1.038) 
1.023 
(1.029) 
1.012 
(1.019) 
1.001 
(1.010) 
0.991 
(1.001) 
0.982 
(0.991) 
0.975 
(0.982) 
0.966 
(0.973) 
0.964 
308.15 
0.940 
0.930 
(0.931) 
0.919 
(0.922) 
0.910 
(0.913) 
0.902 
(0.904) 
0.890 
(0.895) 
0.884 
(0.887) 
0.871 
(0.878) 
0.867 
(0.870) 
0.858 
(0.861) 
0.853 
*The viscosity values obtained using equation [4.5] are listed in paranthesis. 
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values have been least-squares fitted to a polynomial equation 
of the type, 
2 
[4.1] T1 = I Tlj X' . 
i=0 
The coefficients of this correlation procedure are listed 
in Table 2 alongwith the standard deviations. The viscosities 
of each of the systems under investigation have been found 
to decrease with increase in mole-fraction (X) of NaCl in 
water-EtOH. It seems that the addition of salt solution affects 
the solvation of disaccharides which, in turn, seems to be 
responsible for the decrease in viscosity. 
Fig.l depicts the nature and the variation of viscosity 
with mole-fraction,X. An examination of the plots suggests 
that a small deviation of viscosity occurs from the ideal 
behaviour in all the three systems. It has been found that 
the addition of more components may bring the system close 
to ideality. The small deviations apparently point out small 
magnitude of interaction. The negative deviations have been 
attributed to the presence of interactions due to the dispersive 
forces (16). However, the plots of Fig. 1 represent the systems 
where complexes are either not formed at all or very weakly 
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Table 2 : Correlation coefficients of polynomial equation [4.1] 
at different temperatures 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
313.15 
^ 0 
1.397 
1.229 
1.070 
0.949 
0.832 
^i 
-0.238 
-0.202 
-0.145 
-0.135 
-0.088 
il^ xlO^  
8.24 
6.94 
3.69 
3.82 
1.17 
^(n)^lO^ 
4.2 
5.8 
4.1 
2.9 
2.8 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
^ 0 
1.412 
1.248 
1.070 
0.959 
Til 
-0.239 
-0.218 
-0.146 
-0.155 
Ti^ xio^  
6.67 
5.82 
4.23 
4.74 
^(.)^10' 
4.3 
6.3 
2.7 
3.9 
(c) Maltose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
^o 
1.367 
1.206 
1.057 
0.940 
^1 
-0.202 
-0.152 
-0.127 
-0.107 
Ti^ xlO^  
7.49 
3.86 
3.25 
1.81 
^(.)^10^ 
2.2 
2.7 
1.5 
1.4 
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Fig. 1 : Plots of Viscosity (r\) Vs mole fraction (X) for (a) (1-X) Lactose in water-
EtOH + (X) NaCI in water-EtOH; (b) (1-X) Sucrose in water-EtOH + (X) 
NaCI in water-EtOH; and (c) (1-X) Maltose in water-EtOH + (X) NaCI 
in water-EtOH systems at several temperatures. 
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associated complexes occur due to a sort of feeble interaction 
(94). 
The relationship between the viscosity and the com-
position of the mixtures can be explained in terms of 
rheochor, [R], 
[4.2] [R] = (M/p).Ti''' = VTI'^« , 
in which the symbols have their usual meaning. 
The plots of rheochor versus mole fraction, X, at 
several temperatures have been displayed in Fig. 2, in which 
the rheochor values have been found to decrease with increase 
in mole fraction as well as in temperature in each of the 
three systems under investigation. The rheochor values have 
been least-squares fitted to a polynomial equation, 
2 
[4.3] [R] = Z [R]; X' . 
i = 0 
The [R]j coefficients have been listed in Table 3 
along with the standard deviation. The values obtained from 
equation [4.3] are in excellent agreement with those obtained 
from equation [4.2]. 
The deviation of rheochor from its ideal behaviour 
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Fig. 2 : Plots of rheochor [R] Vs mole fraction (X) for (a) (1-X) Lactose in water-
EtOH + (X) NaCI in water-EtOH; (b) (1-X) Sucrose in water-EtOH + (X) 
NaCI in water-EtOH; and (c) (1-X) Maltose in water-EiOH ^ (X) NaCl 
in water-EtOH systems at several temperatures. 
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Table 3 : Correlation coefficients of equation 4 at different 
temperatures 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
313.15 
[Rio 
11.18 
11.01 
10.84 
10.70 
10.55 
[R], 
-0.510 
-0.489 
-0.436 
-0.446 
-0.399 
[R]2xl0^ 
9.90 
8.90 
5.22 
6.59 
3.89 
Vl^lO' 
3.1 
4.8 
4.9 
4.5 
4.8 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
[R]o 
11.17 
11.01 
10.82 
10.69 
[R], 
-0.472 
-0.453 
-0.399 
-0.435 
[R]2XlO^ 
6.26 
5.00 
4.13 
5.70 
<^[R]^10' 
6.6 
3.4 
5.5 
6.5 
(c) Maltose in water-EtOH + NaCI in water-EtOH 
TEMPERATURE (K) 
293.15 
298.15 
303.15 
308.15 
[Rio 
11.14 
10.99 
10.82 
10.68 
[Rl, 
-0.463 
-0.422 
-0.392 
-0.390 
[R]2xl0^ 
8.46 
4.58 
2.44 
2.15 
Vi^io ' 
1.7 
2.9 
4.5 
2.4 
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F 
can be studied in terms of excess rheochor, [R ], defined 
as 
[4.4] [R^] = [R] - {(1-X)[RJ + (X) [RJ} . 
The [R^], although an extra thermodynamic property, characterises 
the strength and the nature of interaction among the 
components of the mixture (15). The excess rheochor values 
are listed in Table 4 and have been plotted as a function 
of composition at different temperatures (Fig. 3). The [R ] 
values, in general, have been found to be negative over 
the entire composition range. The minima of the [R ] Vs X 
curves lie near X~0.5 which flattens with rise in temperature. 
The flattening of the curve with increase in temperature 
shows that the system is approaching towards ideality. Thus, 
in view of the above consideration, the systems seem to 
form very weak and unstable complexes which may be 
due to the hydrogen bonding as well as the dipole -dipole 
interactions. 
The additive properties of rheochor and the molar 
volume have been employed to compute the viscosities of 
mixtures (x]^.^ ) by using the relation , 
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Table 4 : Excess Rheochor [R^]xlO as functions of composition 
and temperature 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
-1.42 
-2.24 
-2.10 
-3.00 
-2.25 
-2.80 
-2.10 
-1.64 
-1.12 
298.15 
-1.82 
2.64 
2.50 
2.40 
3.05 
1.70 
1.50 
1.34 
1.02 
303.15 
-0.13 
-2.05 
-1.61 
-1.61 
-1.97 
-1.21 
-1.21 
-1.45 
-1.52 
308.15 
-0.23 
-0.45 
-1.72 
-2.02 
-2.28 
-1.02 
-0.92 
-1.55 
-1.43 
313.15 
+ 1.00 
+0.14 
-1.33 
-0.83 
-1.49 
-0.83 
-0.53 
-0.86 
1.43 
(b) Sucrose in water-EtOH +NaCI in water-EtOH 
\ TIK) 
COMPOSITION \ 
C 
D 
E 
F 
G 
H 
I 
J 
293.15 
-1.14 
-1.50 
-2.55 
-1.65 
-1.55 
-1.40 
-1.04 
-1.02 
298.15 
-0.84 
-1.20 
-1.80 
-1.76 
-1.80 
-1.30 
-1.04 
-0.92 
303.15 
-0.60 
-0.88 
-1.30 
-0.99 
-1.14 
-0.76 
-1.02 
-0.51 
308.15 
-0.75 
-1.41 
-1.61 
-1.17 
-l.OI 
-1.21 
-0.50 
-0.16 
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(c) Maltose in water-EtOH + NaCl in water-EtOH 
\ T ( K ) 
COMPOSITION \ 
B 
C 
D 
E 
F 
G 
H 
I 
J 
293.15 
-1.14 
-1.29 
-1.57 
-1.79 
-1.87 
-1.63 
-1.25 
-1.11 
-0.70 
298.15 
-1.12 
-1.25 
-1.41 
-1.61 
-0.97 
-2.01 
-1.21 
-1.45 
-0.72 
303.15 
-0.33 
-0.66 
-0.52 
-0.61 
-0.78 
-1.22 
-1.62 
-1.06 
-0.53 
308.15 
+0.67 
+0.34 
+0.12 
-0.42 
-0.78 
-0.42 
-0.62 
-0.46 
-0.53 
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Fig. 3 : Excess rheochor [R^] curves as a function of composition for (a) (1-X) 
Lactose in water-EtOH + (X) NaCI in water-EtOH; (b) (1-X) Sucrose in 
water-EtOH + (X) NaCI in water-EtOH; and (c) (1-X) Maltose in water-
EtOH + (X) NaCI in water-EtOH systems. 
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[4.5] Ti 
mix 
(1-X)[RJ + (X) [R^] 
(l-X)V, + (X) V, 
n 8 
in which subscripts 1 and 2 refer to the pure components. 
The computed rjjj^ jj^  values as well as the experimental ones are 
listed in Table 1. The two T] values are in good agreement 
with each other. The maximum average deviation has been 
found to be less than 1.41% in most of the above systems 
investigated. 
Chapter 3 
jbUacckaMde. + HaJQL in WaU^S'tOJl medium 
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INTRODUCTION 
Isothermal compressibility, thermal conductivity etc. obtained 
by the usual procedure have been well utilized to study the equilibrium 
as well as transport properties of various fluids and their mixtures 
(95-97). 
Internal pressure is known to be a measure of the cohesive forces 
in liquid systems. It has been widely used (98, 99) to investigate the 
molecular interactions in binary liquid systems. Initially the internal 
pressure was studied by Richards (100) in 1925. However, a good 
review of this fundamental property was given by Hildebrand and Scott 
(101) and subsequently by several other workers (102, 103). 
Hildebrand and Scott introduced a parameter called the solubility 
parameter (104) which has been found to be useful for assessing the 
compressibility of various substances. It has also enabled the selection 
of proper compounding ingradients (105, 106) and solvents for poly-
meric substances and paints (107, 108). 
In the present work, the isothermal compressibility, p^ (ob-
tained using relations of McGowan and Pandey), the internal pressure, 
Pj, the solubility parameter, 5, and the thermal conductivity, X, have 
been evaluated using the experimental sound velocity and density data 
of the binary systems. 
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RESULTS AND DISCUSSION 
The experimental density (p) and ultrasonic velocity(u) values 
have been employed to estimate the isothermal compressibility of 
components as well as of their binary mixtures using the McGowans 
(17) relations, 
1.33 X 10"* 
[5.1] PT = (6.4x10-^ u^ ^^  pf 
By introducing a temperature term in the above relation in place of 
the arbitrary constant in the denominator a new relation (19) for the 
computation of |3^ has been obtained, 
[5.2] p^  = 
17.1 X lO " * 
rp 4/9 2 ^4/3 
T u p 
The p^ value obtained from equations [5.1] and [5.2] are listed in 
Table 1. These values obtained from equation [5.2] have been found 
to be in good agreement with those obtained from equation [5.1]. The 
P^ values have been found to decrease with increase in the temperature 
while increase with increase in the mole fraction(X) of sodium chloride 
solution. The decrease in P^ value with temperature seems to be the 
result of a corresponding decrease in the hydration number of solute(s). 
The nature of variation of P^ with X is similar to that of p as shown 
in Fig. 1. 
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Table 1 : Isothermal compressibility values (P^xlO ,m N ) 
obtained using equations [5.1] and [5.2] as functions 
of composition and temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
TIK) 293.15 
\ 
55.32 
(57.76) 
55.48 
(57.92) 
55.67 
(58.09) 
55.78 
(58.19) 
55.91 
(58.31) 
56.00 
(58.40) 
56.19 
(58.58) 
56.34 
(58.71) 
56.55 
(58.90) 
56.71 
(59.06) 
56.88 
(59.21) 
298.15 
54.96 
(57.00) 
55.10 
(57.13) 
55.28 
(57.30) 
55.38 
(57.39) 
55.50 
(57.50) 
55.59 
(57.58) 
55.76 
(57.74) 
55.87 
(57.84) 
56.08 
(58.03) 
56.19 
(58.14) 
56.41 
(58.34) 
303.15 308.15 
54.62 54.30 
(56.27) (55.57) 
54.75 54.43 
(56.39) (55.69) 
54.92 54.57 
(56.54) (55.82) 
55.01 54.64 
(56.63) (55.86) 
55.10 54.72 
(56.71) (55.95) 
55.19 54.80 
(56.79) (56.03) 
55.32 54.92 
(56.91) (56.14) 
55.45 55.05 
(57.03) (56.26) 
55.62 55.20 
(57.19) (56.39) 
55.78 55.43 
(57.33) (56.60) 
55.94 55.56 
(57.51) (56.72) 
313.15 
54.02 
(54.92) 
54.16 
(55.05) 
54.29 
(55.16) 
54.35 
(55.20) 
54.41 
(55.27) 
54.49 
(55.35) 
54.60 
(55.45) 
54.76 
(55.59) 
54.88 
(55.70) 
55.10 
(55.90) 
55.26 
(56.02) 
* p^ values obtained using equation [5.2] are listed in paranthesis. 
71 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
T(K) 293.15 298.15 303.15 308.15 313.15 
COMPOSITION 
B 
D 
H 
K 
55.74 
(58.16) 
55.92 
(58.33) 
56.02 
(58.41) 
56.20 
(58.49) 
56.15 
(58.53) 
56.24 
(58.62) 
56.32 
(58.69) 
56.47 
(58.83) 
56.56 
(58.92) 
56.69 
(59.03) 
56.88 
(59.21) 
55.28 
(57.29) 
55.48 
(57.48) 
55.56 
(57.55) 
55.62 
(57.61) 
55.69 
(57.68) 
55.78 
(55.76) 
55.870 
(57.84) 
55.99 
(57.84) 
56.07 
(58.02) 
56.18 
(58.12) 
56.41 
(58.34) 
57.82 
(56.45) 
55.06 
(56.67) 
55.13 
(56.74) 
55.21 
(56.81) 
55.27 
(56.86) 
55.36 
(56.94) 
55.45 
(57.03) 
55.60 
(57.17) 
55.70 
(57.25) 
55.80 
(57.35) 
55.97 
(57.51) 
54.44 
(55.70) 
54.66 
(55.90) 
54.72 
(55.98) 
54.81 
(56.04) 
54.89 
(56.10) 
54.96 
(56.17) 
55.08 
(56.28) 
55.24 
(56.42) 
55.31 
(56.49) 
55.44 
(56.51) 
55.56 
(56.72) 
54.05 
(54.95) 
54.28 
(55.15) 
54.39 
(55.26) 
54.46 
(54.46) 
54.52 
(55.37) 
54.62 
(55.46) 
54.76 
(55.59) 
54.92 
(55.74) 
55.01 
(55.81) 
55.11 
(55.90) 
55.26 
(56.05) 
* P^ values obtained using equation [5.2] are listed in paranthesis. 
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(c) Maltose in water-EtOH + NaCI in water-EtOH 
\ T(K) 293.15 298.15 303.15 308.15 313.15 
COMPOSITION \ 
A 55.36 55.07 54.67 54.39 54.12 
(57.80) (57.06) (56.45) (56.65) (55.02) 
B 55.59 55.22 54.87 54.55 54.26 
(58.01) (57.14) (26.50) (55.79) (55.14) 
C 55.69 55.33 54.99 54.66 54.37 
(58.11) (57.34) (56.61) (55.90) (55.24) 
D 55.78 55.41 55.07 54.76 54.47 
(58.19) (57.42) (56.68) (55.99) (55.33) 
E 55.87 55.50 55.16 54.84 54.58 
(58.27) (57.50) (56.77) (56.05) (55.42) 
F 55.98 55.60 55.27 54.96 54.68 
(58.38) (57.59) (56.86) (56.06) (55.52) 
G 56.10 55.70 55.38 55.05 54.79 
(58.48) (57.69) (56.97) (56.17) (55.62) 
H 56.25 55.85 55.49 55.19 54.88 
(58.63) (57.82) (57.07) (56.35) (55.70) 
I 56.36 56.95 55.60 55.26 54.99 
(58.73) (57.91) (57.17) (56.44) (55.79) 
J 56.54 56.10 55.72 55.36 55.07 
(58.90) (58.06) (57.28) (56.53) (55.87) 
K 56.88 56.41 55.97 55.56 55.26 
(59.21) (58.34) (57.51) (56.72) (56.05) 
* p^ values obtained using equation [5.2] are listed in paranthesis. 
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Fig. 1 : Plots ofisothermal compressibility (p^)Vs mole fraction (X) for (a) (1-X) 
Lactose in water-EtOH + (X) NaCI in water-EtOH; (b) (1-X) Sucrose in 
water-EtOH + (X) NaCI in water-EtOH; and (c) (1-X) Maltose in water-
EtOH + (X) NaCI in water-EtOH systems. 
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The thermal conductivities of the three systems under investi-
gation have been obtained using the sound velocity data employing 
the relation, 
[5.3] ?i = 2.8 k n'^ f^'^ u 
where n is the number of moles in unit volume (n= p /m, m=M/N), 
k is the Boltzmann constant and y, the specific heat ratio given as 
[5.4] Y = (Cp / C J = (P^ / (3^ ) 
In the computation of y, p^ values of equation [5.1] have been used. 
The X values are listed in Table 2. An increase in the A, values 
with increase in X may be attributed to increase in the number of 
charged particles which make the conduction easier. An increase in 
their values with increase in temperature is apparently the effect of 
a corresponding increase in the sound velocity values. 
Pseudo Gruneisen parameter (F) which accounts for the molecu-
lar association has been evaluated by using the relation, 
[5.5] r = (y - 1) / aT 
Where a is the coefficient of thermal expansion computed from the 
temperature dependent data of density and is defined as 
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Table 2 : Thermal conductivity (XxlO, JK~' m"' s"') as functions 
of mole fraction and temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 2 9 3 . 1 5 
\ 
5.425 
5.428 
5.431 
5.437 
5.442 
5.449 
5.451 
5.455 
5.457 
5.459 
5.463 
298.15 303.15 
5.441 
5.445 
5.448 
5.455 
5.461 
5.467 
5.474 
5.476 
5.478 
5.483 
5.484 
5.457 
5.461 
5.466 
5.471 
5.479 
5.486 
5.490 
5.495 
5.498 
5.502 
5.504 
308.15 
5.471 
5.476 
5.481 
5.488 
5.496 
5.503 
5.508 
5.513 
5.517 
5.517 
5.522 
313.15 
5.484 
5.488 
5.493 
5.501 
5.510 
5.517 
5.522 
5.526 
5.531 
5.532 
5.535 
(b) Sucrose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T(K) 2 9 3 . 1 5 
\ 
5.412 
5.414 
5.420 
5.426 
5.435 
5.441 
5.448 
5.451 
5.457 
5.461 
5.643 
298.15 303.15 
5.433 
5.434 
5.440 
5.448 
5.455 
5.461 
5.468 
5.476 
5.479 
5.484 
5.484 
5.454 
5.453 
5.459 
5.467 
5.474 
5.481 
5.487 
5.490 
5.496 
5.501 
5.504 
308.15 
5.471 
5.471 
5.477 
5.484 
5.491 
5.499 
5.500 
5.506 
5.513 
5.518 
5.522 
313.15 
5.489 
5.488 
5.493 
5.500 
5.508 
5.514 
5.515 
5.520 
5.527 
5.532 
5.535 
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(c) Maltose in water-EtOH+NaCI in water-EtOH 
\T(K) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
5.423 
5.424 
5.430 
5.437 
5.444 
5.450 
5.452 
5.459 
5.465 
5.468 
5.463 
298.15 
5.437 
5.440 
5.447 
5.453 
5.461 
5.467 
5.473 
5.478 
5.484 
5.487 
5.484 
303.15 
5.454 
5.456 
5.461 
5.468 
5.475 
5.481 
5.500 
5.498 
5.499 
5.504 
5.504 
308.15 
5.467 
5.470 
5.476 
5.482 
5.490 
5.495 
5.502 
5.508 
5.507 
5.521 
5.522 
313.15 
5.478 
5.483 
5.489 
5.495 
5.502 
5.507 
5.513 
5.519 
5.527 
5.533 
5.535 
Table 3 : Pseudo Gruneisen parameter (F) as a function of 
composition at several temperatures 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
293.15 298.15 303.15 308.15 313.15 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
4.157 
4.204 
4.249 
4.274 
4.317 
4.362 
4.411 
4.459 
4.491 
4.545 
4.756 
3.539 
3.563 
3.585 
3.616 
3.636 
3.656 
3.692 
3.713 
3.738 
3.761 
3.940 
3.067 
3.070 
3.087 
3.102 
3.117 
3.132 
3.140 
3.157 
3.177 
3.195 
3.306 
2.672 
2.681 
2.695 
2.706 
2.717 
2.730 
2.744 
2.759 
2.774 
2.783 
2.836 
2.388 
2.391 
2.397 
2.400 
2.398 
2.402 
2.408 
2.415 
2.421 
2.428 
2.478 
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(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
a(K) 293.15 
\ 
4.045 
4.108 
4.148 
4.204 
4.259 
4.303 
4.364 
4.409 
4.474 
4.522 
4.756 
298.15 
3.442 
3.480 
3.511 
3.540 
3.570 
3.601 
3.633 
3.645 
3.712 
3.746 
3.940 
(c) Maltose in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
T{K) 293.15 
\ 
3.814 
3.898 
3.979 
4.062 
4.149 
4.241 
4.370 
4.440 
4.526 
.t^ i^lil^ ^ 
i' 
298.15 
3.381 
3.425 
3.468 
3.532 
3.587 
3.631 
3.692 
3.754 
3.817 
3.869 
f^/3.940 
:t:\ 
303.15 
2.958 
2.999 
3.022 
3.044 
3.067 
3.101 
3.136 
3.153 
3.179 
3.205 
3.306 
+ NaCl i 
303.15 
2.955 
2.992 
3.025 
3.058 
3.092 
3.117 
3.154 
3.189 
3.226 
3.265 
3.306 
308.15 
2.593 
2.618 
2.645 
2.662 
2.680 
2.706 
2.728 
2.749 
2.776 
2.798 
2.836 
313.15 
2.295 
2.322 
2.338 
2.359 
2.373 
2.395 
2.412 
2.435 
2.453 
2.478 
2.478 
in water-EtOH 
308.15 
2.648 
2.662 
2.682 
2.703 
2.723 
2.736 
2.756 
2.777 
2.791 
2.813 
2.836 
313.15 
2.387 
2.399 
2.404 
3.414 
2.426 
2.431 
2.443 
2.453 
2.459 
2.470 
2.478 
:.Lr^<o^^ il 
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[5.6] a=(l/V) (dw/dT) = -(1/p) (ap/aX) (in K"'), 
in which V is the molar volume and other symbols have their usual 
meaning. 
The r values have been presented in Table 3. The molecular 
association has been found to decrease with increase in temperature. 
This seems to be due to an increase in the average kinetic energy 
which disrupts the molecular association. With increase in mole frac-
tion (X) of sodium chloride solution, molecular association has been 
found to increase. 
The internal pressure, Pj, has been defined as the resultant of 
forces of attraction and the forces of repulsion between the liquid 
molecules and has been computed using the relation, 
[5.7] Pi = ( a T / p ^ ) 
in which the terms have their usual meaning. The square root 
of the internal pressure known as the solubility parameter, 5, has been 
computed using Pj values of equation [5.7] as follows : 
[5.8] d = {aT/^^f=(?.f 
The Pj and 5 values are listed in Tables 4 and 5 respectively. P. as 
well as 5 values are found to increase with increase in temperature 
and decrease with increase in the mole fraction of NaCl in water-EtOH. 
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Table 4 : Internal Pressure (PjXlO"^ Nm'' ) as functions of 
composition and temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
VriK) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.346 
1.332 
1.316 
1.309 
1.295 
1.283 
1.268 
1.254 
1.244 
1.230 
1.175 
298.15 
1.589 
1.580 
1.575 
1.556 
1.547 
1.539 
1.524 
1.516 
1.505 
1.496 
1.427 
303.15 
1.849 
1.844 
1.833 
1.824 
1.816 
1.807 
1.803 
1.793 
1.782 
1.772 
1.712 
308.15 
2.128 
2.123 
2.112 
2.104 
2.095 
2.086 
2.076 
2.065 
2.054 
2.046 
2.008 
313.15 
2.394 
2.394 
2.388 
2.386 
2.389 
2.385 
2.380 
2.373 
2.368 
2.359 
2.312 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
\T(K) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.378 
1.358 
1.345 
1.327 
1.310 
1.298 
1.281 
1.267 
1.249 
1.236 
1.175 
298.15 
1.629 
1.612 
1.599 
1.587 
1.574 
1.561 
1.548 
1.528 
1.516 
1.502 
1.427 
303.15 
1.908 
1.883 
1.869 
1.856 
1.843 
1.824 
1.804 
1.794 
1.780 
1.766 
1.712 
308.15 
2.191 
2.171 
2.150 
2.136 
2.122 
5.103 
2.087 
2.070 
2.050 
2.034 
2.008 
313.15 
2.491 
2.464 
2.447 
2.427 
2.412 
2.391 
2.373 
2.349 
2.334 
2.318 
2.312 
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(c) Maltose in water-EtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
a(K) 293.15 
\ 
1.467 
1.434 
1.405 
1.378 
1.348 
1.320 
1.291 
1.261 
1.234 
1.201 
1.175 
298.15 303.15 
1.652 
1.642 
1.617 
1.593 
1.569 
1.550 
1.525 
1.522 
1.476 
1.456 
1.427 
1.913 
1.889 
1.869 
1.850 
1.830 
1.816 
1.795 
1.775 
1.756 
1.735 
1.712 
308.15 
2.147 
2.135 
2.120 
2.104 
2.090 
2.080 
2.065 
20.50 
2.041 
2.026 
2.008 
313.15 
2.395 
2.384 
2.379 
2.369 
2.358 
2.354 
2.343 
2.334 
2.329 
2.320 
2.312 
Table 5 : Solubility parameter (SxlO""*, (Nm"^)''' ) as functions 
of composition and temperature 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\TIK) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.160 
1.154 
1.147 
1.144 
1.138 
1.132 
1.126 
1.120 
1.115 
1.109 
1.084 
298.15 
1.261 
1.257 
1.255 
1.247 
1.244 
1.241 
1.234 
1.231 
1.227 
1.223 
1.195 
303.15 
1.360 
1.258 
1.353 
1.351 
1.347 
1.344 
1.343 
1.339 
1.335 
1.331 
1.308 
308.15 
1.459 
1.457 
1.453 
1.450 
1.447 
1.444 
1.441 
1.437 
1.433 
1.430 
1.417 
313.15 
1.547 
1.547 
1.545 
1.545 
1.545 
1.544 
1.543 
1.541 
1.539 
1.536 
1.520 
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(b) Sucrose in water-WtOH + NaCI in water-EtOH 
\ 
COMPOSITION 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
J(K) 293.15 
\ 
1.174 
1.165 
1.160 
1.152 
1.145 
1.139. 
1.132 
1.125 
1.118 
1.113 
1.084 
298.15 303.15 
1.276 
1.270 
1.264 
1.260 
1.225 
1.249 
1.244 
1.236 
1.231 
1.226 
1.195 
1.381 
1.372 
1.367 
1.362 
1.358 
1.350 
1.343 
1.339 
1.334 
1.326 
1.308 
308.15 
1.480 
1.473 
1.466 
1.462 
1.475 
1.450 
1.445 
1.439 
1.432 
1.423 
1.417 
313.15 
1.578 
1.570 
1.564 
1.558 
1.553 
1.546 
1.540 
1.533 
1.528 
1.523 
1.520 
(c) Maltose in water-EtOH + NaCl in water-EtOH 
\T(K) 
COMPOSITION \ 
A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
293.15 
1.211 
1.190 
1.185 
1.172 
1.161 
1.149 
1.136 
1.123 
1.111 
1.096 
1.084 
298.15 
1.285 
1.281 
1.271 
1.269 
1.252 
1.245 
1.235 
1.234 
1.215 
1.207 
1.195 
303.15 
1.883 
1.375 
1.367 
1.360 
1.353 
1.342 
1.340 
1.332 
1.325 
1.317 
1.308 
308.15 
1.465 
1.461 
1.456 
1.451 
1.446 
1.442 
1.437 
1.432 
1.429 
1.423 
1.417 
313.15 
1.568 
1.544 
1.452 
1.539 
1.536 
1.534 
1.531 
1.528 
1.526 
1.523 
1.520 
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INTRODUCTION 
The quantities like the apparent molal volume and the apparent 
molal compressibility are known to be sensitive to interactions between 
the solute and the solvent molecules as well as to changes induced 
in the solvent by the solute as the solute concentration tends to zero. 
Such properties have been found to depend upon the size and the 
configuration of the solute molecules. Trend in these properties with 
change in temperature and compostion can also offer some quantitative 
assessment of solution behaviour in the intermediate composition 
range. 
Partial molal properties of electrolytes at infinite dilution are 
very useful in obtaining a better understanding of ion-solvent and 
solvent solvent interactions (109-111). The apparent molal compress-
ibility at infinite dilution for non-electrolyte dissoloved in a solvent 
is a measure of the resistance offered against compression which the 
solute molecule imparts towards the solvent and thus gives an idea 
about the solute-solvent interactions (58). 
The behaviour of salts in dilute solutions has evoked interest 
due to its importance since a long time (112-114). Several investi-
gations have also been carried out in the aqueous solutions of car-
bohydrates (115, 116), proteins (117-119) and amino acids (120, 121). 
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In recent years much attention has been given to study the effect 
of electrolytes (122) as well as non-electrolytes (123,124) on the mixed 
solvents. 
In the present work, the effect of sodium chloride on the volu-
metric and compressibility behaviour of disaccharides both in water-
EtOH has been studied in terms of apparent molal properties computed 
using the measured density and ultrasonic velocity of solutions. 
RESULTS AND DISCUSSION 
Using the experimental density data the apparent molal volume, 
(j) „ of component 2 i.e. NaCl in water-EtOH of the binary systems 
under investigation has been computed using the relation (125), 
M (1 - X) M-
[6.1] i 2 = (P. - P) 
X p p, p 
where M,, p, and (1 - X) stand for the molecular weight, the density 
and the mole fraction of component 1, respectively; M2 and X are the 
molecular weight and the mole fraction of component 2 while p is 
the density of solution. 
The (t)y 2 values as functions of composition and temperature are 
listed in Table 1. An examination of Table 1 shows that ^ , values 
increase with increase in temperature; the apparent molal expansibility 
{(|)g = {d^^2 ^  ^^)} values are, therefore, positive in all the three systems 
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Tablel : Apparent molal volume ((|)^  , cm mol" ) as functions 
of composition and temperature 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
\TIK) 
COMPOSITION \ 
B 
C 
D 
E 
F 
G 
H 
I 
J 
293.15 
18.746 
18.671 
18.640 
18.620 
18.619 
18.622 
18.624 
18.626 
18.630 
298.15 
18.754 
18.688 
18.660 
18.647 
18.645 
18.748 
18.650 
18.653 
18.654 
303.15 
18.763 
18.716 
18.695 
18.680 
18.674 
18.676 
18.678 
18.681 
18.682 
308.15 
18.798 
18.750 
18.716 
18.709 
18.704 
18.707 
18.712 
18.713 
18.716 
313.15 
18.874 
18.798 
18.754 
18.742 
18.738 
18.742 
18.747 
18.751 
18.754 
(b) Sucrose in water-EtOH + NaCl in water-EtOH 
VriK) 
COMPOSITION \ 
B 
C 
D 
E 
F 
G 
H 
I 
J 
293.15 
18.768 
18.693 
18.650 
18.633 
18.630 
18.629 
18.627 
18.626 
18.265 
298.15 
18.828 
18.734 
18.685 
18.665 
18.660 
18.657 
18.655 
18.651 
18.650 
303.15 
18.875 
18.772 
18.719 
18.693 
18.688 
18.686 
18.683 
18.682 
18.680 
308.15 
18.891 
18.806 
18.754 
18.732 
18.719 
18.716 
18.717 
18.713 
18.714 
313.15 
18.930 
18.845 
18.792 
18.765 
18.757 
18.754 
18.750 
18.749 
18.750 
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(c) Maltose in water-EtOH+NaCI in water-EtOH 
\T(K) 293.15 298.15 303.15 308.15 313.15 
COMPOSITION \ 
18.683 18.730 18.764 18.804 
18.664 18.711 18.745 18.766 
18.658 18.700 18.733 18.754 
18.655 18.693 18.722 18.752 
18.653 18.685 18.719 18.751 
18.655 18.686 18.717 18.754 
18.659 18.684 18.718 18.753 
18.659 18.688 18.719 18.754 
18.658 18.686 18.718 18.754 
B 
C 
D 
E 
F 
G 
H 
I 
J 
18.675 
18.638 
18.632 
18.624 
18.627 
18.632 
18.635 
18.636 
18.636 
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Studied. The positive (j)^  values generally suggest (126) that the solute-
solute interaction is increasing v i^th increase in temperature. 
The (j) , values seem to be weakly affected by concentration. 
Its variation with X has been depicted in Fig. 1. Such behaviours show 
the dipole-dipole interactions among the solute and the solvent mol-
ecules. 
The concentration dependence of apparent molal volume has 
been studied by extrapolating the ^^ ^  [Redlich's equation (127)] verses 
X plots to zero concentration, 
[6.2] (|)^ 2 = <t)\2 + S, X 
where (j)° , is the apparent molal volume at infinite dilution and S , 
V,Z V 
the experimental slope. 
The ({)° » and S values alongwith the standard deviations are 
V,Z V 
listed in Table 2. The (j)° ,^ values have been found to increase with 
increase in temperature which is similar to the behaviour of most of 
the electrolytes (128, 129) and hydrated non-electrolytes (130). This 
increase in ^°^2 ^^^ temperature has been ascribed to the loss of 
hydrated solvent molecules at higher temperatures. However, an increase 
in the value of ^^^^ with temperature seems to be due to volume 
expansion, indicating the absence of solvent-solvent interaction while 
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Table 2 : Least-squares fit parameters of equation [6.2] at 
several temperatures 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
Temperature (K) ({)/ S^  gr^>v.2i^^Q' 
293.15 
298.15 
303.15 
308.15 
313.15 
18.698 
18.711 
18.735 
18.764 
18.819 
-0.107 
-0.090 
-0.080 
-0.077 
-0.106 
2.7 
2.3 
1.7 
1.6 
2.9 
(b) Sucrose in water-EtOH + NaCI in water-EtOH 
Temperature (K) ^ 7 S^  ^ I A T T T ^ 
293.15 
298.15 
303.15 
308.15 
313.15 
18.723 
18.774 
18.815 
18.842 
18.881 
-0.138 
-0.172 
-0.189 
-0.180 
-0.185 
2.6 
3.2 
3.5 
3.1 
3.2 
(c) Maltose in water-EtOH + NaCl in water-EtOH 
Temperature (K) 
293.15 
298.15 
303.15 
308.15 
313.15 
V 
18.650 
18.670 
18.720 
18.753 
18.780 
Sv 
-0.025 
-0.019 
-0.048 
-0.050 
-0.040 
^[6v,2]^10^ 
10.0 
6.3 
7.6 
8.0 
11.4 
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• 293.15 K 
• 313.15K 
« — » 
Fig. 1 : Plots of apparent molal volume (^y,) Vs mole fraction (X) for (a) (\-X) 
Uctose in watcr-EtOH + (X) NaCI In water-EtOH; (b) (1-X) Sucrose in 
water-EtOH -i- (X) NaCl in water-EtOH; and (c) (1-X) Maltose in water-
EtOH + (X) NaCl in water-EtOH systems at several temperatures. 
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the S values being weakly negative in all the cases suggest the presence 
of weak solute-solute interaction. 
The apparent molal adiabatic compressibility, ^^^ ^ of component 
2 has been obtained using the expression (125), 
( i -x)M, (p^-p;) 
[6-3] (t>K,2 = Ps i + • 
X Ps 
where the symbols have their usual meaning. 
The (j)j, 2 values recorded in Table 3 have been found to decrease 
with increase in temperature. It appears that the increase in temperature 
affects the molecular organisation in these systems contributing to a 
closer packing of the components and hence lowers the compressibility 
values. 
The variation of (j)^  ^ with X at several temperatures has been 
displayed in Fig. 2. The trend in such variations are almost similar 
at all the temperatures. The variation of ({)^  ^ with X seems to be due 
to a combined effect of two factors, viz., 
(1) an increase in the H-bonded region which results in a decrease 
in the compressibility values; and 
(2) solute-solute interaction which contributes to an increase in the 
compressibility values. 
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Table3: Apparent molaladiabatic compressibility ((|)^  2^^ 0 >ni N~ ) 
as functions of composition and temperature, 
(a) Lactose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
80.860 
80.819 
80.411 
80.284 
80.136 
80.274 
80.261 
80.380 
80.370 
298.15 
80.222 
80.222 
79.890 
79.725 
79.615 
79.747 
79.676 
79.822 
79.782 
303.15 
79.809 
79.689 
79.382 
79.212 
79.119 
79.151 
79.196 
79.288 
79.332 
308.15 
79.116 
79.197 
78.838 
78.700 
78.611 
78.677 
78.758 
78.810 
78.985 
313.15 
79.206 
78.983 
78.522 
78.333 
78.305 
78.348 
78.467 
78.510 
78.670 
(b) Sucrose in water-EtOH + NaCl in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
T(K) 293.15 
\ 
81.685 
80.881 
80.535 
80.272 
80.364 
80.258 
80.278 
80.257 
80.278 
298.15 
81.461 
80.460 
79.974 
79.801 
79.775 
79.813 
79.751 
79.698 
79.640 
303.15 
81.592 
80.223 
79.712 
79.412 
79.341 
79.298 
79.382 
79.343 
79.326 
308.15 
80.833 
79.776 
79.256 
79.036 
78.902 
78.935 
79.021 
78.935 
78.972 
313.15 
80.524 
79.579 
78.996 
78.706 
78.631 
78.695 
78.757 
78.686 
78.662 
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The apparent molal compressibility at infinite dilution ^°j, 2 ^^^ 
been obtained by extrapolating the (j)^  versus X plots to zero concen-
tration and the resulting equation is 
[6.4] (j)^ 2 =rK.2 + aX + bX^ 
where a and b are the arbitrary parameters whose values alongwith 
<j)°j,2 ^"d the standard deviations have been listed in Table 4. 
The (j)°^  2 values show a decreasing trend with increase in tem-
perature. The decrease in the <t)°j^ 2 values may be attributed to a 
structural repulsion between the components when they are brought 
close to each other. 
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(c) Maltose in water-EtOH+NaCI in water-EtOH 
\ 
COMPOSITION 
B 
C 
D 
E 
F 
G 
H 
I 
J 
.T(K) 293.15 
\ 
81.251 
80.637 
80.266 
80.091 
80.049 
80.048 
80.122 
80.093 
80.165 
298.15 
80.706 
80.127 
80.383 
79.670 
79.289 
79.581 
79.639 
79.610 
79.-655 
303.15 
80.436 
79.856 
79.501 
79.355 
79.289 
79.287 
79.259 
79.252 
79.262 
308.15 
79.605 
79.170 
78.878 
78.948 
79.088 
78.911 
79.908 
78.894 
78.877 
313.15 
79.153 
78.898 
78.744 
78.709 
78.688 
78.681 
78.642 
78.646 
78.608 
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Table 4 : Least-squares fit parameters of equation [6.4] at 
several temperatures 
(a) Lactose in water-EtOH + NaCI in water-EtOH 
Temperature (K) (t)°^2 ^ ^ ^IAv,2]^^^^ 
293.15 81.230 -3.336 2.721 8.5 
298.15 80.551 -2.787 2.213 8.2 
303.15 79.962 -2.621 2.151 7.9 
308.15 79.503 -2.965 2.638 8.3 
313.15 79.654 -4.674 4.040 7.4 
(b) Sucrose in water-EtOH + NaCl in water-EtOH 
Temperature (K) ^°^2 ^ b g^^^^^xio^ 
293.15 
298.15 
303.15 
308.15 
313.15 
81.99 
81.79 
81.69 
81.31 
81.02 
-5.601 
-6.585 
-7.662 
-7.820 
-7.707 
4.255 
4.888 
5.813 
6.027 
5.902 
7.9 
6.3 
7.5 
5.9 
5.9 
(c) Maltose in water-EtOH + NaCl in water-EtOH 
Temperature (K) (j)°^ 2 ^ b (j.,^,xlO^ 
293.15 
298.15 
303.15 
308.15 
313.15 
81.604 
81.125 
80.775 
79.675 
79.253 
-5.217 
-4.180 
-4.809 
-2.396 
-1.793 
4.141 
2.829 
3.593 
1.766 
1.258 
3.2 
8.2 
3.2 
4.0 
2.9 
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1 
z 
f 
82.00 
81.00 
80.00 
79.00 
78.00 
82.00 
81.00 
80.00 
• 293.15K 
A 303.15K 
• 313.15K 
N 79.00 
78.00 
J I I I I I I I I 
0.2 0.4 0.6 
X 
0.8 1.0 
Fig. 2 : Plots of apparent molal adiabatic compressibility ^,., Vs mole fraction 
(X) for (a) (1-X) Lactose in water-EtOH + (X) NaCl in water-EtOH; (b) 
(1-X) Sucrose in watcr-EtOH + (X) NaCl in water-EtOH; and (c) (1-X) 
Maltose in water-EtOH + (X) NaCI in watcr-EtOH systems at several 
temperatures. 
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